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CHAPTER 1. SUBCOMMITTEE OVERVIEW
|

OVERVIEW

Dietary patterns and their food and nutrient characteristics are at the core of the conceptual
model that has guided the 2015 Dietary Guidelines Advisory Committee’s work (see
Scientific Report of the 2015 Dietary Guidelines Advisory Committee: Part B. Chapter 2:
2015 DGAC Themes and Recommendations: Inteqrating the Evidence), and the
relationship of dietary patterns to health outcomes is the centerpiece of this section. The
Committee considered evidence about the relationship of diet with several health outcomes
that are listed as major public health outcomes of concern in Scientific Report of the 2015
Dietary Guidelines Advisory Committee: Part D. Chapter 1: Food and Nutrient Intakes,
and Health: Current Status and Trends. Several of these outcomes—cardiovascular
disease, overweight and obesity, type 2 diabetes, congenital anomalies, and bone health—
also were addressed by the 2010 Dietary Guidelines Advisory Committee. Others—cancers
(lung, colon, prostate and breast) and neurological and psychological illness—while
previously addressed, are considered here in more depth and represent an expanded list of
health outcomes for which there is growing evidence of a diet-disease relationship.

For additional information, see Scientific Report of the 2015 Dietary Guidelines Advisory
Committee: Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health
Outcomes. Information in the report was vetted by the full committee and presented at public
meetings; however, more detailed supporting information on each specific systematic review
is available on the NEL website. Below are links to the questions this Subcommittee
answered using a NEL systematic review approach.

For 2015 Dietary Guidelines Advisory Subcommittee work structure and member
organization, see Scientific Report of the 2015 Dietary Guidelines Advisory Committee

Appendix E-9.

For 2015 Dietary Guidelines Advisory Committee and support staff membership and
acknowledgments lists, see: Membership and Appendix E-10: Dietary Guidelines
Advisory Committee Report Acknowledgments.

NEL SYSTEMATIC REVIEW QUESTIONS

Dietary Patterns and Cancer

1. What is the relationship between dietary patterns and risk of breast cancer?

2. What is the relationship between dietary patterns and risk of colorectal cancer?
3. What is the relationship between dietary patterns and risk of prostate cancer?
4. What is the relationship between dietary patterns and risk of lung cancer?

Dietary Patterns and Congenital Anomalies

1. What Is the Relationship Between Dietary Patterns and Risk of Congenital Anomalies
(Neural Tube Defects, Congenital Heart Defects, Cleft Lip/Palate)?
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Dietary Patterns and Neurological and Psychological Ilinesses

1. What is the relationship between dietary patterns and risk of depression?
2. What is the relationship between dietary patterns and risk of dementia/cognitive
decline/Alzheimer’s disease?

Dietary Patterns and Bone Health

1. What is the relationship between dietary patterns and bone health?
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CHAPTER 2. DIETARY PATTERNS AND RISK OF BREAST CANCER
|

WHAT IS THE RELATIONSHIP BETWEEN DIETARY PATTERNS AND RISK OF
BREAST CANCER?

TECHNICAL ABSTRACT

Background

The goal of this systematic review was to determine whether dietary patterns are associated
with risk of breast cancer. Dietary patterns were defined as the quantities; proportions; variety
or combination of different foods, drinks and nutrients in diets; and the frequency with which
they are habitually consumed.

Conclusion statement

Moderate evidence indicates that dietary patterns rich in vegetables, fruit and whole grains,
and lower in animal products and refined carbohydrate, are associated with reduced risk of
postmenopausal breast cancer. The data regarding this dietary pattern and premenopausal
breast cancer risk point in the same direction, but the evidence is limited due to fewer
studies.

2015 DGAC Grade:

e Postmenopausal breast cancer risk: Moderate
e Premenopausal breast cancer risk: Limited

Methods

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB
Abstracts and Food Science and Technology Abstracts) and Cochrane databases to identify
studies that evaluated the association between dietary patterns and risk of breast cancer.
Studies that met the following criteria were included in the review: randomized controlled

trials (RCTs), non-randomized controlled trials, prospective cohort studies or nested case-
control studies; human subjects aged two years and older who were healthy or at elevated
chronic disease risk; subjects from countries with high or very high human development (2012
Human Development Index); and published in English in peer-reviewed journals. The date
range was from January 2000 to January 2014. The intervention or exposure was adherence
to a dietary pattern (e.qg., a priori patterns, data-driven patterns, reduced rank regression, or
patterns derived from other methods and a description of the dietary pattern(s) (i.e., foods and
beverages) consumed by subjects was provided. The outcome was incidence of breast
cancer.

Data from each included article were extracted, and risk of bias was assessed. The evidence
was qualitatively synthesized, a conclusion statement was developed and the strength of the
evidence (grade) was assessed using pre-established criteria including evaluation of the
quality and risk of bias, quantity, consistency, magnitude of effect and generalizability of
available evidence.

Findings

e This systematic review includes 26 articles, 25 prospective cohort studies and one
RCT that examined the relationship between dietary patterns and risk of breast cancer

e The studies used multiple approaches to assess dietary patterns and cancer risk.
Eight studies used indices and scores to assess dietary patterns, 13 studies used
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factor or principal components analysis, two used reduced rank regression (RRR), two
made comparisons on the basis of animal product consumption and one conducted an
RCT of a low-fat dietary pattern

e This moderate body of evidence encompassed a large diversity in methods to assess
or determine dietary patterns, making comparison across studies challenging. Despite
this variability, 17 of the included studies found statistically significant relationships
between dietary patterns and breast cancer risk, particularly among certain groups of
women:

e Because a variety of different methodologies were employed to derive dietary
patterns, and these patterns, while similar in many respects, were composed of
different combinations of foods and beverages, it was difficult to determine which
patterns had the greatest impact on breast cancer risk reduction

e The relationship between dietary patterns and breast cancer risk may be more
consistent among postmenopausal women, but additional research is needed to
explore the relationships for both premenopausal and postmenopausal cancer.

Limitations
The ability to draw strong conclusions was limited by the following issues:

e Certain histopathologic and molecular phenotypes of breast cancer may be affected
more by certain dietary patterns, but this has not yet been explored sufficiently. For
example, limited studies to date suggest that estrogen or progesterone receptor status
of breast cancers may define subgroups with unique dietary risk profiles, but no
conclusions can be drawn at this time.

e More research is needed to explore other factors that may influence the relationship
between dietary patterns during various stages of life and breast cancer risk, such as
anthropometrics, body mass index (BMI) (including weight change over adulthood),
physical activity, sedentary behavior and reproductive history, including ages of
menarche, age of menopause, parity and breastfeeding.

FULL REVIEW

Conclusion statement

Moderate evidence indicates that dietary patterns rich in vegetables, fruit and whole grains,
and lower in animal products and refined carbohydrate, are associated with reduced risk of
postmenopausal breast cancer. The data regarding this dietary pattern and premenopausal
breast cancer risk point in the same direction, but the evidence is limited due to fewer studies.

Grade

Moderate: Postmenopausal breast cancer risk
Limited: Premenopausal breast cancer risk

Key findings

e This systematic review includes 26 articles, 25 prospective cohort studies and one
RCT, that examined the relationship between dietary patterns and risk of breast
cancer

e The studies used multiple approaches to assess dietary patterns and cancer risk.
Eight studies used indices and scores to assess dietary patterns, 13 studies used
factor or principal components analysis, two used RRR, two made comparisons on the
basis of animal product consumption and one conducted an RCT of a low-fat
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dietary pattern.

e This moderate body of evidence encompassed a large diversity in methods to assess
or determine dietary patterns, making comparison across studies challenging. Despite
this variability, 17 of the included studies found statistically significant relationships
between dietary patterns and breast cancer risk, particularly among certain groups of
women:

e Because a variety of different methodologies were employed to derive dietary
patterns, and these patterns, while similar in many respects, were composed of
different combinations of foods and beverages, it was difficult to determine which
patterns had the greatest impact on breast cancer risk reduction

e The relationship between dietary patterns and breast cancer risk may be more
consistent among postmenopausal women, but additional research is needed to
explore the relationships for both premenopausal and postmenopausal cancer

e Certain histopathologic and molecular phenotypes of breast cancer may be affected
more by certain dietary patterns, but this has not yet been explored sufficiently. For
example, limited studies to date suggest that estrogen or progesterone receptor status
of breast cancers may define subgroups with unique dietary risk profiles, but no
conclusions can be drawn at this time.

¢ More research is needed to explore other factors that may influence the relationship
between dietary patterns during various stages of life and breast cancer risk, such as
anthropometrics, BMI (including weight change over adulthood), physical activity,
sedentary behavior and reproductive history, including ages of menarche, age of
menopause, parity and breastfeeding.

Evidence summary

Description of the Evidence

This systematic review includes 25 prospective cohort studies that examined the relationship
between dietary patterns and risk of breast cancer (Adebamowo, 2005; Agurs-Collins, 2009;
Baglietto, 2011; Buckland, 2013; Butler, 2010; Cade, 2010; Cade, 2011; Cottet, 2009; Couto,
2013; Engeset, 2009; Fung, 2005; Fung, 2006; Fung, 2011; Fung, 2012; Key, 2009; Link,
2013; Mai, 2005; Mannisto, 2005; Prentice, 2006; Sant, 2007; Schulz, 2008; Sieri, 2004;
Terry, 2001; Trichopoulou, 2010; Velie, 2005). Three studies (Buckland, 2013; Engeset, 2009;
Link, 2013) also examined the impact of individual dietary pattern components by running
analyses after statistical adjustment for all other components of the patterns. Most of the
included studies had relatively low risk of bias ratings (scores ranged from zero to nine points
out of 24 or 28).

Dietary Patterns Analysis

Dietary patterns were assessed using a variety of different methods, including index/score
analysis, factor and principal components analysis, reduced rank regression (RRR), and
others. A description of the studies included by types of method used to measure dietary
patterns is below.

Index/Score Analysis

Eight of the studies included in this review assessed dietary patterns using indices and scores
(Buckland, 2013; Butler, 2010; Cade, 2011; Couto, 2013; Fung, 2006; Fung, 2011; Mai, 2005;
Trichopoulou, 2010).

The eight studies were conducted using participants from five different cohorts; two studies
(Fung, 2006; Fung, 2011) were from the Nurses’ Health Study; two studies (Buckland, 2013;

10
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Trichopoulou, 2010) were from the European Prospective Investigation of Diet and Cancer
(EPIC) cohort; one included the entire cohort and another just included participants from
Greece).

Three studies were conducted in the United States (Fung, 2006; Fung, 2011; Mai, 2005), one
each was done in Greece (Trichopoulou, 2010), Sweden (Couto, 2013), Singapore (Butler,
2010), the United Kingdom (Cade, 2011) and one multicenter cohort was done in Europe as
the EPIC cohort (Buckland, 2013: Denmark; France; Germany; Greece; Holland; Italy;
Norway; UK; Spain; Sweden).

Sample size of the cohorts examined ranged from 14,807 to 335,062 participants. One study
had less than 15,000 (Trichopoulou, 2010), three studies had less than 50,000 (Cade, 2011;
Couto, 2013; Mai, 2005), three had less than 100,000 (Butler, 2010; Fung, 2006; Fung, 2011)
and one study had more than 300,000 (Buckland, 2013). In addition, the number of incident
breast cancer cases identified ranged from 240 to 10,225 cases.

All of the studies were conducted in generally healthy adult women and most were done in
women without a previous diagnosis of breast cancer (Cade, 2011 did not specify previous
cancer history), with one done in women with a previous history of benign breast disease
(Mai, 2005). Two studies were conducted in postmenopausal women only (Fung, 2006; Fung,
2011). While age of the participants in these studies ranged from 20 years to 86 years, the
average age was approximately 30 years to 55 years. Little information was provided about
participants’ race/ethnicity. A few studies provided information about education level, three of
which had a majority of participants (more than 60%) who had completed secondary
education (Buckland, 2013; Cade, 2011; Mai, 2005), while one (Cade, 2011) included a
population from Singapore with only approximately 20% having completed secondary
education.

In all studies, dietary intake was assessed using a validated food frequency questionnaire
(FFQ). Six of the studies assessed intake once at baseline, while two studies assessed intake
over the course of the study and used cumulative intakes to determine dietary pattern scores
(Fung, 2006; Fung, 2011).

The FFQ data were used to assess dietary patterns using a variety of indices and scores in
these studies. A list is provided below, and the components and scoring procedures for the
indices and scores are described in more detail in Table 1.

Buckland, 2013 assessed dietary patterns using the adapted relative Mediterranean diet
(arMED).

Butler, 2010 assessed dietary patterns using the Mediterranean diet score (MDS). (Note:
Butler, 2010 also used factor analysis.)
Cade, 2011 assessed dietary patterns using the:

¢ Mediterranean diet score (MDS)
e World Health Organization Healthy Diet Index (HDI).

Couto, 2013 assessed dietary patterns using a modified version of the Mediterranean diet
score.
Fung, 2006 assessed dietary patterns using the:

e Healthy Eating Index (HEI)

11
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Alternate HEI (AHEI)

Diet Quality Index, Revised (DQIR)
Recommended Food Score (RFS)

Alternate Mediterranean Diet Score (aMED).

Fung, 2011 assessed dietary patterns using the Dietary Approaches to Stop Hypertension
(DASH) score.

Mai, 2005 assessed dietary patterns using the Recommended Food Score (RFS).
Trichopoulou, 2010 assessed dietary patterns using the Mediterranean diet score (MDS).

Table 1. Indices and scores used to assess the relationship between dietary patterns
and breast cancer.

12
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Table 1. Indices and scores used to assess the relationship between dietary patterns and breast cancer

| Mediterranean | Alternate Med Mediterranean Mediterranean Ad‘.”‘pted mo_dified Ml Diet Quality e _Hea}lth Recommended Food Alternative HEI AR (SEHing
ndex/ Di A Diet Score . Relative Med Diet Score . Organization Index
iet Score Diet Score Diet Score . o DASH Score Index-Revised . Score (RFS) (AHELI)-2010
Score (MDS) Diet Score (modified Healthy Diet ’ (HEI)-2005
(MDS) (aMED) : (MDS) (Fung, 2008) (DQIR) (Kant, 2000; (McCullough,
(Reference) | (cade, 2011) | (Fung, 2006) | (TMichopolou, (Wu, 2009) (A=) s (Haines, 1999) ez ({127) McCullough, 2002) 2002) (sl
0 9 2003) : (Buckland, 2009) | (Couto, 2013) : (WHO, 2003) gn. 2000)
Article(s) | Cade, 2011 | Fung, 2006 T”ngi’g'ou’ Butler, 2010 Buzc'gllasnd' Couto, 2013 | Fung, 2011 Fung, 2006 Cade, 2011 Fung,22(§)5)56; MEL Fung, 2006 Fung, 2006
Component Total Score:0- | Total Score: Total Score: Total Score: Total Score: Total Score: Total Score Total Score Total Score: Total Score Total Score: Total Score:
p 10 0-9 0-9 0-10 0-16 0-9 8-40 0-100 0-10 0-23* 0-110 0-100
Tomatoes; broccoli;
Vegetables . spinach; mustard, Total
Vegetables r?/etzgetta tt)les (not potatoes Vig?\t/?nblif dg/o Fruit and turnip, collard Vegetables vegetables
Vegetables® | (not potatoes) | Vegetables® Vegetables® (no pc&)a oes) Vegetables® | and legumes) 0_1% vegetables® greens; carrots or (not potatoes, 0-5
Vegetables =Median=1 ® >Median=1 >Median=1 0-2 =Median=1 ® >100% 1=Meets recs mixed vegetables French fries) ® Dark green/
<Median=0 =Median=1 <Median=0 <Median=0 <Median=0 1-5 iy ° O=above/ below w/ carrots; green 0-10 orange/
S Lowest to 3 99-50% . -
<Median=0 . . Low to High recs salad; sweet =5 serv/d=10 legumes®t
Highest tertile g <50% ;
quintile potatoes, yams; 0-5
other potatoes®™
Legumes® LS ¢ Fiber® Nuts & Dark green/
Legumes® Legumes®™ Legumes® Legumes® 0-2 Legumes® Legumes®m 1=Meets recs Lequmes® oranae/
Legumes >Median=1 >Median=1 >Median=1 >Median=1 >Median=1 15 = Dried beans® 9 ge’
N N N s Lowest to o . O=above/ below 0-10 legumes®t
<Median=0 <Median=0 <Median=0 <Median=0 " g <Median=0 Low to High _
Highest tertile quintile recs 21 serv/d=10 0-5
Fruits and
fruit juices®:
Pt o Fruits® (% Apples or pears; et e
> ian= i i 0 > = i
. Fruits & _Medl_an_1 . = . o | Fruits & Nutst® e Lyt LI servings/d) Fruit and . oranges; RSl Total fruit®#:
Fruits . <Median=0 Fruits & Nuts® | Fruits & Nuts® Fruits® quintile vegetables® )
Nuts® L L 0-2 o 0-10 — cantaloupe; orange 0-5
and/or Nuts S >Median=1 >Median=1 >Median=1 0 1=Meets recs i Ba Nuts &
>Median=1 . o o Lowest to o 2100% _ or grapefruit juice; .. Whole
o Nuts®: <Median=0 <Median=0 . - <Median=0 Nuts & O=above/ below . Legumes®: 0- Lyt
<Median=0 N Highest tertile _— 99-50% grapefruit; other fruits®+: 0 -5
=Median=1 Legumes®tm: <50% recs fruit iices® 10
<Median=0 1-5 J >1 serv/d=10
Low to High
quintile
Cereals Whole Cereals® Whole Grains® Total CHO; Dark breads Whole Grains® | Total grains®:
) ) * &) ,
and/or Ceregls_ grains® Cerefals_ Cerefals_ 0-2 Ceregls_ Grains® (% servings/d) Sugartm (wheat, rye, 0-10 0-5
>Median=1 L >Median=1 >Median=1 >Median=1 . ) _
Whole <Median=0 >2Median=1 <Median=0 <Median=0 Lowest to <Median=0 1-5 0-10 pumpernickel); 75g/d 9=10 Whole
Grains - <Median=0 3 3 Highest tertile _ Low to High 2100% 1=Meets recs cornbread, tortillas 90g/d =10 grains®: 0-5
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Table 1. Indices and scores used to assess the relationship between dietary patterns and breast cancer

quintile 99-50% O=above/ below & grits; high-fiber
<50% recs cereals; cooked
cereals®™
Index/ Mediterranean Alternate Med Mgﬂigtegcag;an Mediterranean Re?;t?\?etel\jljed mgi(gtflggol\:lsd Diet Quality \(/)vrorg:]ig:tei“c::\] Recommended Food Alternative HEI HeaItI%eExatmg
Diet Score Diet Score Diet Score . o DASH Score Index-Revised 9 . Score (RFS) (AHEI)-2010
Score (MDS) Diet Score (modified Healthy Diet : (HELI)-2005
(MDS) (aMED) - (MDS) (Fung, 2008) (DQIR) (Kant, 2000; (McCullough,
(Reference) | (cade, 2011) | (Fung, 2006) | (Trichopolou, (Wu, 2009) (=) fRS) (Haines, 1999) LRI McCullough, 2002) 2002) (I CTENe) )
; ; 2003) ' (Buckland, 2009) | (Couto, 2013) : (WHO, 2003) ; 2000)
Article(s) | Cade, 2011 | Fung, 2006 Tr'cggﬁg'ou* Butler, 2010 B”;g'la;d’ Couto, 2013 | Fung, 2011 Fung, 2006 Cade, 2011 Fung,zzggsﬁ; T, Fung, 2006 Fung, 2006
Component Total Score:0- | Total Score: Total Score: Total Score: Total Score: Total Score: Total Score Total Score Total Score: Total Score Total Score: Total Score:
P 10 0-9 0-9 0-10 0-16 0-9 8-40 0-100 0-10 0-23* 0-110 0-100
Fish or i (RISt s s F:igm [iShe Fish is included Baked or broiled
Fresh Eish =Median=1 >Median=1 >Median=1 =Median=1 Lowest to >Median=1 in “Diversity” fish®
<Median=0 <Median=0 <Median=0 <Median=0 . : <Median=0 4
Highest tertile
Total Fatt™: 10-0 Total % E from 0
<20%E=10; 20- Eat: SEA: Long-chain fats SFAY:
Olive oil® 30%E=5; >30%E=0 PUEA: (EPA & DHA)®: 0-10
MUFA/SFA® | MUFA/SFA® | MUFA/SFA® | MUFA/SFA® 0.2 UnSFA/SFA® SRS | e 0-10 215%-<7%E
Fat >Median=1 | 2Median=1 >Median=1 >Median=1 Lowest o >Median=1 STHEID: TLOWESS 0-250mg/d Healthy
<Median=0 <Median=0 <Median=0 <Median=0 . : <Median=0 _ PUFA % 0ils®1ft:
Highest tertile . 1=Meets recs energy® <2 to
Cholesterol®™: 10-0 0=above/ bel gy - 0-10
<300mg=6; 300- —above/ below 210 0-12g/d
400mg=5; >400mg=0 recs
Solid fats,
5-259 5259 5-25Q Gierle & alcgh;)cljlgetaevs
Alcohol 10-50 gld=1¢m 10-25¢g/d=1¢m 10-503 g/d=1¢™ 10-503 g/d=1¢m 10-50g/d=1¢m _0.5-2.0 3 sugars®
Drinks/d=10¢m 0-20

250%-<20% E
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Table 1. Indices and scores used to assess the relationship between dietary patterns and breast cancer

Meat() Red &
>Median=0 Red & Red & Red & Meat® Red & = d Red &
<Median=1 Processed Processed Processed LN Processed rocesse L Processed
0 0 0 0-2 0 Meat®) Meat is included Baked or stewed 0 Meat & Beans
Total Meat B — MIEET M M Highest to T 1-5 in “Diversity” chicken or turkey® M 0-10®
Poultry® >Median=0 >Median=0 >Median=0 Iowgst wrtle | 2Median=0 | . % y y 0-10
>Median=0 <Median=1 <Median=1 <Median=1 <Median=1 gn to 21.5-0 serv/d
<Median=1 quintile
Mediterranean | Alternate Med Meqnerranean Mediterranean Adz_apted moqmed Ml Diet Quality e _Hea}lth Recommended Food Alternative HEI Aol iy Z2iny
Index/ Di - Diet Score . Relative Med Diet Score ) Organization Index
- iet Score Diet Score (MDS) Diet Score Diet Score (modified DASH Score Index-Revised Healthy Diet Score (RFS) (AHEI)-2010 (HEI)-2005
(MDS) (aMED) . (MDS) (Fung, 2008) (DQIR) (Kant, 2000; (McCullough,
(Reference) | cade 2011) | (Fung, 2006) i gelo, (Wu, 2009) (ELLED) D (Haines, 1999) i e3¢ (D) McCullough, 2002) 2002) e
' ' 2003) : (Buckland, 2009) | (Couto, 2013) : (WHO, 2003) ' 2000)
Article(s) | Cade, 2011 | Fung, 2006 T“ngi’g"’“’ Butler, 2010 Buzc'g'lznd’ Couto, 2013 | Fung, 2011 Fung, 2006 Cade, 2011 F””Q'zzggg; AT, Fung, 2006 Fung, 2006
Component Total Score:0- | Total Score: Total Score: Total Score: Total Score: Total Score: Total Score Total Score Total Score: Total Score Total Score: Total Score:
P 10 0-9 0-9 0-10 0-16 0-9 8-40 0-100 0-10 0-23* 0-110 0-100
Dairy _ @ _ | Dairy Products® Iac;vi\;-fgt 2% milk and Milk, yogurt,
Dairy Products® Da';')\’/l Péf’d“f(t)s Da';')\’/l Péf’d“f(t)s 0-2 1_%’ Dairy is included beverages w/ 2% cheese, & soy
Products >Median=0 ZMidizﬂ;l ZMidizﬂ;l Highest to lowest Low to Hiah in “Diversity” milk; 1% or skim beverages®
<Median=1 tertile o Hig milk® 0-10
quintile
Sweetened Sugar Solid fats,
) beverages® Sweetened alcoholic bevs
Swsietzror Ca:?/‘l’:é’i‘;rnaigs() 1-5 Beverages & & added
P dg <Median=1 High to Low Fruit Juice® 0- sugars®
roducts 1= quintile 10 0-20
21-0 serv/d >50%-<20% E
1-5 1=Meets recs 0-10 0-10
Sodium High to Low O=above/ below Highest to Highest to
quintile® recstm Lowest decile® | Lowest decile®
Calcium® (Al): 0- Proteint®m
10 1=Meets recs Trans FAQ %
Other Iron® (RDA): 0-10 | o=above/ below energy 0-10
Diversity™: 0-10 . >4 t0 <0.5
Moderation®: 0-10
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Table 1. Indices and scores used to assess the relationship between dietary patterns and breast cancer

KEY: #Includes 100% juice; *Includes all forms except juice; fIncludes legumes only after meat & beans standard is met; TfIncludes non-hydrogenated vegetables oils and oils in fish, nuts and seeds. ) Positive components; ) Negative components; ™ Positive
in moderation
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Factor Analysis and Principal Component Analysis

Thirteen of the studies included in this review assessed dietary patterns using factor or
principal component analysis (Adebamowo, 2005; Agurs-Collins, 2009; Baglietto, 2011,
Butler, 2010; Cottet, 2009; Engeset, 2009; Fung, 2005; Link, 2013; Mannisto, 2005; Sant,
2007; Sieri, 2004; Terry, 2001; Velie, 2005). The 13 studies were conducted using
participants from 12 different cohorts. Two studies (Adebamowo, 2005; Fung, 2005) were
from the Nurses’ Health Study; three studies (Mannist6, 2005; Sant, 2007; Sieri, 2004)
included participants from the ORDET (“Hormones and Diet in the Etiology of Breast Cancer”
cohort).

Five studies were conducted in the United States (Adebamowo, 2005; Agurs-Collins, 2009;
Fung, 2005; Link, 2013; Velie, 2005); two in Italy (Sant, 2007; Sieri, 2004); one using
participants from the Netherlands, Italy and Sweden (Mannistd, 2005); and one each in
Australia (B, 2011), Singapore (Butler, 2010), France (Cottet, 2009), Norway (Engeset, 2009),
Sweden (Terry, 2001).

Sample size of the cohorts examined ranged from 1,598 to 91,779 participants. One study
included a cohort with less then 5,000 (Mannistd, 2005), four studies had less than 15,000
(Méannisto, 2005; Sant, 2007; Sieri, 2004; Baglietto, 2011), four studies had less than 50,000
(Agurs-Collins, 2009; Butler, 2010; Engeset, 2009; Terry, 2001) and six studies had less than
100,000 (Adebamowo, 2005; Cottet, 2009; Fung, 2005; Link, 2013; Mannist6, 2005; Velie,
2005).

Most of the studies were conducted in generally healthy adult women without a previous
diagnosis of breast cancer; Mannisto, 2005 did not specify excluding women based on history
of cancer and Velie, 2005 included women with a previous history of benign breast disease.
One study included only premenopausal women (Adebamowo, 2005) and three included only
postmenopausal women (Cottet, 2009; Fung, 2005; Velie, 2005). While age of the participants
in these studies ranged from 21 years to 91 years, the average age was approximately 36
years to 62 years. Little information was provided about participants’ race/ethnicity. A few
studies included some information about educational level, with most reporting approximately
20% to 40% of the population having at 12 years or more of education.

The dietary patterns that were identified in this group of studies are described in Table 2.

Table 2. Summary of dietary patterns identified using factor or principal component
analysis.
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Table 2. Summary of dietary patterns identified using factor or principal component analysis

Study Dietary Patterns

Adebamowo, 1 "Prudent”: Vegetables, fruit, legumes, whole grains, fish, poultry and low-fat dairy

2005 products

1 "Western”: Refined grains, red and processed meats, French fries, pizza, potatoes,
eggs, and high-fat dairy products

Agurs-Collins, 1 "Western”: Refined grains, processed meat, and sweets

2009 1 "Prudent”: Whole grains, vegetables, fruit, and fish

Baglietto, 2011 { "Vegetable”: High intakes of vegetables, boiled rice, wholemeal bread, yoghurt,
chicken, fish (not fried), potato cooked without fat, fruit salad, banana and pineapple,
with low intakes of white bread

{ "Fruit and salad”: High intakes of salad greens, cucumbers, and fruit

{1 "Traditional Australian”: High intakes of desserts, cheddar cheese, margarine, lamb,
sausages, bacon, potato cooked without fat, green beans and peas, pumpkin, tea,
chocolate, other confectionary, jam, honey and vegemite, with low intakes of olive oil,
pasta or noodles, ricotta and feta cheese, beef or veal schnitzel, steamed fish,
legume soup, tomato, salad vegetables, legumes, olives and figs

f "Meat”: High intakes of fried rice, white bread, pizza, savory pastries, feta cheese, fried
eggs and egg dishes, meats (fresh and processed), fried fish, pickled vegetables,
potatoes cooked in fat and olives

Butler, 2010 | "Vegetable-fruit-soy”: Cruciferous vegetables, fruit, tofu items
1 "Meat-dim sum”: Meat, starch, dim sum items
Cottet,2009 1 "Alcohol/Western”: Potatoes, pulses, rice/pasta/semolina, French fries, appetizers,

pizzal/pies, sandwiches, processed meat, ham, offal, eggs, canned fish, crustaceans,
mayonnaise, butter/cream, high-alcohol beverages, wine

1 "Healthy/Mediterranean”: Fruits, raw vegetables, cooked vegetables, crustaceans,
fish, olive oil, sunflower oil

Engeset, 2009 1 "Traditional fish eaters”: Fish

 "Healthy”: Skimmed milk, yogurt, juice, cereals, rice, chicken, fruit, cod liver oil

 "Average, less fish, less healthy”: No dominant groups, but low intake of fish, cod
olive oil, vegetables, juice, course bread

1 "Western”: Meat products, bakery products, desserts and chocolate, pizza, rice, pasta

1 "Traditional bread eaters”: Traditional Norway foods (milk, course bread, jam, cheese,
fat on bread)

7 "Alcohol users”: Beer, wine, and liquor

Fung, 2005 { "Prudent”: Fruit, vegetables, whole grains, low-fat dairy products, fish and poultry

1 "Western”: Red and processed meat, refined grains, sweets, desserts, and high fat
dairy products

Link, 2013  "Plant-based”: High in fruit and vegetables

 "High-protein, high-fat”: High in meats, eggs, fried foods, high-fat condiments

1 "High-carbohydrate”: High in convenience foods, pasta, bread products

1 "Ethnic”: High in legumes, soy-based foods, rice, dark-green leafy vegetables

{ "Salad and wine”: High in lettuce, fish, wine, low-fat salad dressing, and coffee and tea

Mannisto, 2005 { "Vegetables”: High intakes of vegetables, legumes, fruit, pasta, fish, oil

1 "Pork, Processed meat, Potatoes”: Higher intakes of pork, beef, processed meats,
potatoes, rice, poultry, liver, butter/low-fat margarine, pasta, coffee

Sant, 2007 1 "Salad Vegetables”: High in raw vegetables and olive ail

1 "Western”: High in potatoes, red meat, eggs, butter, seed oil (as added fat), cakes

{ "Canteen”: High in pasta, tomato sauce, wine

1 "Prudent”: High in cooked vegetables, rice, poultry, fish, and low consumption of
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Table 2. Summary of dietary patterns identified using factor or principal component analysis

Study Dietary Patterns

alcohol

Sieri, 2004 { "Salad Vegetables”: High in raw vegetables and olive ail

1 "Western”: High in potatoes, red meat, eggs, butter, seed oil (as added fat), cakes

{ "Canteen”: High in pasta, tomato sauce, wine

{ "Prudent”: High in cooked vegetables, rice, poultry, fish, and low consumption of
alcohol

Terry, 2001 1 "Healthy”: Higher in whole grains, fruits, vegetables, fish, low-fat milk

| "Western”: Higher in sweets, refined grains, processed meats, high-fat dairy, soda

{ "Drinker”: Higher in wine, beer, liquor, snacks

Velie, 2005 1 "Vegetable/fish/poultry/fruit”: High in green leafy vegetables and citrus fruits, carrots,
broccoli, tomatoes, apples, fish/poultry, and low intakes of desserts, sweets, 2% milk,
white bread, dry cereal

1 "Beef/pork/starch”: High in fatty meats, French fries, eggs, and low intakes of
bran/granola cereal, skim milk, poultry, fish, dark bread, cooked cereal, apples

{ "Traditional southern”: High in cooked greens, beans/legumes, sweet potatoes, corn-
based bread products, coleslaw/cabbage, fried fish, cooked cereal, rice, fried chicken,
beef stew, fruit drinks, carrots, and low intakes of cheese, mayonnaise, wine, liquor,
and salty snacks.
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Reduced Rank Regression

Two of the studies included in this review assessed dietary patterns using reduced rank
regression (Fung, 2012; Schulz, 2008). One of the studies was done in the United States
(Fung, 2012) and one was done in Germany (Schulz, 2008). Both were conducted in
generally healthy adult women without a previous diagnosis of cancer, with one including only
postmenopausal women (Fung, 2012). Sample size of the cohorts examined was 15,351
(Schulz, 2008) and 67,802 (Fung, 2012). While age of the participants in these studies ranged
from 30 years to 65 years, the average age was approximately 50 years. Little information
was provided about participants’ race/ethnicity or socioeconomic status (SES).

Fung, 2012 identified one dietary pattern:

e Response variables: Estradiol, estrone sulfate

e "Estrogen” pattern: Higher intakes of red meat, legumes and pizza, and lower intakes
of coffee and whole grains.

Schulz, 2008 identified one dietary pattern:

¢ Response variables: Nutrient densities of fatty acid fractions, i.e., saturated fatty acids
(SFA), monounsaturated fatty acids (MUFA), omega-3 polyunsaturated fatty acids (n-3
PUFA), omega-6 polyunsaturated fatty acids (n-6 PUFA), expressed as grams per
1,000kJ

o "Fatty Acid" pattern: High in processed meat, fish, butter, animal fats and margarine
but lower in bread and fruit juice.

Other Methods

Three studies included in this review assessed dietary patterns using other methods, one
used data from an RCT (Prentice, 2006), and two used data from prospective cohort studies
(Cade, 2010; Key, 2009).

Vegetarians vs. Non-vegetarians

Cade, 2010 (PCS) determined dietary patterns based on participants’ (N=33,725 women in
the UK, approximately 52 years) and reported similar intakes of fruits and vegetables, as well
as the following intake patterns of meat and fish:

"Vegetarian": Red meat, poultry, or fish less than once a week
"Fish eater": Fish at least once a week but not poultry or red meat
"Poultry eater": Poultry at least once a week and may eat fish but not red meat

"Red meat eater": Meat at least once a week and may or may not consume poultry
and fish.

Key, 2009 (PCS) determined dietary patterns based on participants’ (N=40,476 women in the
UK, approximately 45 years) and reported similar intakes of milk, cheese, vegetables and
fresh fruit, as well as the following intake patterns of animal products:

e Vegetarians: Reported consumption of eggs and dairy but not meat and fish; and
vegans, who reported no consumption of meat, fish, eggs and dairy were included in
this group

e Non-vegetarians: Reported consumption of meat and fish

¢ Meat eaters: Reported meat consumption

e Fish eaters: Report fish consumption but no meat consumption.
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Low-fat Dietary Pattern

Prentice, 2006 (RCT) analyzed data from an RCT that compared a low-fat dietary pattern to a
typical American diet (N=46,775 women in the US, approximately 62 years (Note that the

intervention was not specifically designed to test the effects of dietary patterns on cancer
risk):

e Dietary modification intervention group: Promote dietary change with the goals of
reducing intake of total fat to 20% of energy and increasing consumption of vegetables
and fruit to at least five servings daily and grains to at least six servings daily (via
intensive behavioral modification program)

e Comparison group: Not advised to make dietary changes.

Breast Cancer Outcomes
Index and Score Analysis

All studies examined risk of developing breast cancer as the primary outcome of interest.
Duration of follow up ranged from an average of nine years to 26 years. In addition to
incidence of breast cancer, several studies also examined estrogen and progesterone
receptor status of the incident cancer cases identified (Buckland, 2013; Butler, 2010; Couto,
2013; Fung, 2006; Fung, 2011).

Factor Analysis and Principle Component Analysis

All studies examined risk of developing breast cancer as the primary outcome of interest.
Duration of follow up ranged from an average of seven years to 16 years. In addition to
incidence of breast cancer, several studies also examined estrogen and progesterone
receptor status of the incident cancer cases identified (Adebamowo, 2005; Agurs-Collins,
2009; Baglietto, 2011; Butler, 2010; Cottet, 2009; Fung, 2005; Link, 2013; Sant, 2007).

Reduced Rank Regression

Fung 2012 followed participants for an average of 22 years and measured incidence of breast
cancer, with inclusion of estrogen and progesterone receptor status of those cases. Schulz,
2008 followed participants for an average of six years and measured incidence of breast
cancer.

Other Methods

All studies examined risk of developing breast cancer as the primary outcome of interest
(Cade, 2010; Key, 2009; Prentice, 2006). Duration of follow up ranged from an average of
eight years to nine years.

Evidence Synthesis

With 25 included studies, there is a modest body of evidence available to examine the
relationship between dietary patterns and risk of breast cancer. However, there is substantial
heterogeneity in methodology employed to define and assess dietary patterns, which makes it
difficult to make comparisons across studies (Table 3). Despite the variability, 17 of the
included studies found significant relationships between dietary patterns and breast cancer
risk, particularly among certain subgroups of women.
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Table 3. Summary of studies examining the relationship between dietary patterns and
risk of breast cancer.
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Table 3. Summary of studies examining the relationship between dietary patterns and risk of breast cancer

Author, Year

Study Design;
Location (Cohort)

Sample Size
(Age)

Number of breast

cancer cases,;

Dietary Patterns**

Results

Summary of Findings

Risk of Bias Duration of Follow
up
Index/Score
Analysis

Buckland, 2013

Prospective Cohort
Study (PCS); Europe
(European
Prospective
Investigation into
Cancer and Nutrition
(EPIC))

Risk of Bias: 4/24

N=335,062 women
(~51y)

10,225 cases; 11y

Mediterranean diet
(arMED) score

¢ Inverse association with breast cancer in all women:
HR=0.94 (95% CI=0.94-1.00; P for trend=0.048)

¢ Inverse association with breast cancer in
postmenopausal women: HR=0.93 (95% CI=0.87-0.99;
P for trend=0.037)

¢ Inverse association with ER-/PR- breast cancer in
postmenopausal women: HR=0.80 (95% CI=0.65-0.99;
P for trend=0.043)

* No association with breast cancer risk in premenopausal
women (NS).

Individual Components of the arMED: High vegetable
intake was negatively associated with breast cancer (after
adjusting for all other arMED components): HR=0.93 (95%
Cl=0.88,0.98).

A higher adherence to the MD was
associated with a lower risk of breast
cancer in postmenopausal women, and
this association is potentially greater for
ER-/PR- tumors. There was no association
between MD and breast cancer in
premenopausal women.

Butler, 2010

PCS; Singapore
(Singapore Chinese
Health Study)

Risk of Bias: 0/24

N=34,028 women
(~55y)

629 cases; 10.7y

Mediterranean Diet
Score

No association with breast cancer risk (NS).

Consuming a "vegetable-fruit-soy" dietary
pattern was associated with reduced
breast cancer risk, particularly among
postmenopausal women. There was no
relationship between consumption of a
"meat-dim sum" pattern and risk of breast
cancer.

Cade, 2011

PCS; UK (UK
Women's Cohort)

Risk of Bias: 2/24

N=33,731 women
(~52)

828 cases; 9y

e Mediterranean diet
score

¢ WHO Healthy Diet
Index (HDI)

Med Diet Score: No association with breast cancer (NS).

WHO HDI: No association with breast cancer (NS).

There were no significant associations
between either Med Diet Score or WHO
HDI score and risk of breast cancer.

Couto, 2013

N=44,840 women
(3049 y)

Modified version of
the Mediterranean

No association with breast cancer risk or breast tumor
characteristics in either pre- or post-menopausal women

Adherence to a Mediterranean dietary
pattern was not associated with reduced
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Table 3. Summary of studies examining the relationship between dietary patterns and risk of breast cancer

Author, Year Sample Size Results

(Age)

Number of breast
cancer cases;
Duration of Follow

Dietary Patterns** Summary of Findings

Study Design;

Location (Cohort)

Risk of Bias

PCS; Sweden
(Swedish Women's
Lifestyle and Health
Cohort)

Risk of Bias: 2/24

up

1,278 cases; 16y

Diet Score

(NS).

risk of breast cancer overall, nor of specific
breast tumor characteristics, overall, or in
premenopausal and postmenopausal
participants.

Fung, 2006

PCS; US (National
Health Survey
(NHS))

Risk of Bias: 0/24

N=71,058
postmenopausal
women
(30-55y)

3,580 cases; 18y

¢ Healthy Eating
Index (HEI)

¢ Alternate HEI
(AHEI)

¢ Diet Quality Index-
Revised (DQIR)

¢ Recommended
Food Score (RFS)

e Alternate
Mediterranean Diet
Score (aMED)

None of the dietary patterns were associated with total
breast cancer (NS).

Stratified by ER Receptor Status:

o AHEI: Inverse association with ER- breast cancer (quintile
5vs. 1) (HR=0.78 (95% CI=0.59-1.04; P for trend=0.01))

e RFS: Inverse association with ER- breast cancer (quintile 5
vs. 1) (HR=0.69 (95% CI=0.51-0.94; P for trend=0.003))

e aMED: Inverse association with ER- breast cancer (quintile
5 vs. 1)(HR=0.79 (95% CI=0.60-1.03; P for trend=0.03))

¢ HEI: No association with breast cancer risk (NS)

e DQIR: No association with breast cancer risk (NS).

There were no associations between any
of the dietary patterns examined and total
or ER+ breast cancer risk among
postmenopausaul women. Women with
higher scores on the AHEI, RFS, and
aMed had a lower risk of ER- breast
cancer. HEI and DQIR scores were not
associated with ER- breast cancer risk.

Fung, 2011
PCS; US (NHS)

Risk of Bias: 0/24

N=86,620
postmenopausal
women

(30-55y)

5,522 cases; 2y

DASH Score

Inverse association with ER-breast cancer (Q1 vs. Q5)
(RR=0.80 (95% CI 0.64-1.01; P for trend=0.02))

No association with or ER+ breast cancer (NS)

Consuming a dietary pattern consistent
with the DASH diet (based on DASH
score) was associated with lower risk of
ER- breast cancer, but not total or ER+
breast cancer risk.

Mai, 2005

PCS; US (Breast
Cancer Detection
Demonstration
Project)

N=37,135 women
(~61y)

1,586 cases; 9.5y

Recommended Food
Score (RFS)

No association with breast cancer (NS)

There was no association between RFS
score and risk of breast cancer.
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Table 3. Summary of studies examining the relationship between dietary patterns and risk of breast cancer

Author, Year

Study Design;

Location (Cohort)

Risk of Bias

Risk of Bias: 6/24

Sample Size
(Age)

Number of breast
cancer cases;
Duration of Follow

up

Dietary Patterns**

Results

Summary of Findings

Trichopoulou, 2010

PCS; Greece (EPIC-
Greece)

Risk of Bias: 2/24

N=14,807 women
(20-86 y)

240 cases; 9.8y

Mediterranean Diet
Score (MDS)

No association with breast cancer in all women (NS)

Inverse association with breast cancer in postmenopausal
women (HR=0.78 (95% CI1=0.62-0.98; P for trend=0.05).

Increased adherence to the Mediterranean
diet (measured using MDS) was
associated with reduced breast cancer risk
among postmenopausal women. There
was no evidence for an association among
premenopausal women.

Factor and Cluster
Analysis

Adebamowo, 2005 N=90,638 women ¢ "Prudent" No associations with breast cancer, including when results Neither of dietary patterns identified using
(~36y) o "Western" were stratified by smoking status (NS). factor analysis (PCA) ("Prudent" or

PCS; US (NHS) "Western") was associated with risk of
710 cases; 8y breast cancer.

Risk of Bias: 0/24

Agurs-Collins, 2009 N=50,778 women e "Western" No associations with total breast cancer (NS). A "Prudent" dietary pattern was associated
(~39y) ¢ "Prudent" with a reduced risk of breast cancer among

PCS; US (Black
Women's Health
Study)

Risk of Bias: 2/24

1,094 cases; 13y

Stratified by BMI: The "Prudent" pattern was inversely
associated with breast cancer in women with BMI<25 (Q1
vs. 5) (IIR=0.64 (95% CI1=0.43-0.93; P for trend=0.01)).

Stratified by menopausal status: The "Prudent" pattern
was inversely associated with breast cancer in
premenopausal women (Q1 vs. 5) (IIR=0.70 (95% CI=0.52-
0.96; P for trend=0.01)).

Stratified by receptor status: The "Prudent" pattern was
inversely associated with ER- tumors, (Q1 vs. 5) (IIR=0.52
(95% CI1=0.28-0.94; P for trend=0.01)), PR- tumors (IIR=0.66
(95% CI=0.39-1.09; P for trend=0.03), and ER/PR-negative
tumors combined (1IR=0.70 (95% CI=0.34-1.26; P for
trend=0.04)).

normal-weight women, premenopausal
women, and receptor-negative breast
cancer. A "Western" dietary pattern was
not associated with breast cancer risk.
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Author, Year

Study Design;

Location (Cohort)

Risk of Bias

Sample Size
(Age)

Number of breast
cancer cases;
Duration of Follow

up

Dietary Patterns**

Results

Stratified by smoking status: No associations between the
"Prudent” or "Western" dietary patterns and breast cancer
(NS).

Summary of Findings

Baglietto, 2011

PCS; Australia
(Melbourne
Collaborative
Cohort)

Risk of Bias: 2/24

N=20,967 women
(~55y)

815 cases; 14.1y

¢ "Vegetable"

e "Fruit and salad"

o "Traditional
Australian"

e "Meat"

"Fruit and salad”:
Inverse association with:

e Total breast cancer (Q1 vs. 5, HR=0.81 (95% CI=0.63-
1.03, P for trend=0.03)

¢ ER-negative breast cancer (Q1 vs. 5, HR=0.55 (95%
CI=0.32-0.93, P for trend=0.004)

¢ PR-negative breast cancer (Q1 vs. 5, HR=0.67 (95%
Cl=0.46-0.98, P for trend=0.01)

"Traditional Australian”: Positive association with breast
cancer (Q1 vs. 5, HR=1.58 (95% CI=0.87-2.85, P for
trend=0.04)

"Vegetable" and "Meat" patterns were not associated with
breast cancer (NS).

A "Fruit and salad" dietary pattern reduced
the risk of developing breast cancer,
especially ER and PR-negative receptor
breast cancer. A "Traditional Australian"
diet was associated with increased risk of
breast cancer.

Butler, 2010

PCS; Singapore
(Singapore Chinese
Health Study)

Risk of Bias: 0/24

N=34,028 women
(~55y)

629 cases; 10.7y

o "Vegetable-fruit-
Soyll
¢ "Meat-dim sum"

"Vegetable-Fruit-Soy”:

¢ Inverse association with total breast cancer (Q1 vs. 4)
(HR=0.82 (95% CI=0.63-1.05, P for trend=0.03)

e Inverse association with postmenopausal breast cancer
(Q1 vs. 4) (HR=0.70 (95% CI=0.51-0.95, P for trend=0.01),
and in those with follow-up >5y (HR=0.57 (95% CI=0.36-
0.88, P for trend<0.01)

* No association with breast cancer risk by ER or PR
receptor status (NS)

"Meat-Dim Sum”: No association with breast cancer (NS).

Consuming a "vegetable-fruit-soy" dietary
pattern was associated with reduced
breast cancer risk, particularly among
postmenopausal women. There was no
relationship between consumption of a
"meat-dim sum" pattern and risk of breast
cancer.
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Author, Year Sample Size Results

(Age)

Number of breast
cancer cases;
Duration of Follow

Dietary Patterns** Summary of Findings

Study Design;

Location (Cohort)

Risk of Bias

Cottet, 2009

PCS; France (E3N-
EPIC)

Risk of Bias: 2/24

up
N=65,374 women
(~53y)

2,381 cases; 9.7y

e "Alcohol/Western"
¢ "Healthy/Mediterran
ean"

“Alcohol/Western Pattern”

» Positive association with total breast cancer (Q 4 vs. 1)
(HR=1.20 (95% CI 1.03-1.38, P for trend=0.007)

» Positive association with ER+/PR+ breast cancer (Q4 vs.
1) HR=1.33 (95% CI 1.07-1.65, P for trend=0.005)

» Positive association with breast cancer in women with
BMI<25 (Q4 vs. 1) (HR=1.34 (95% CI 1.13-1.60, P for
trend 0.001)), but not in women with BMI >25

¢ No associations with ductal vs. lobular breast cancer (NS)

“Healthy/Mediterranean Pattern”

e Inverse association with total breast cancer (Q4 vs. 1)
(HR=0.85 (95% CI 0.75-0.95, P for trend=0.003)

e Inverse association with ER+/PR- breast cancer (Q4 vs. 1)
HR=0.65 (95% CI 0.49-0.87, P for trend=0.001)

e Inverse association with breast cancer in women
consuming <2,037kcal (Q4 vs. 1) (HR=0.75 (95% CI 0.63-
0.90, P for trend=0.002)), but not in women above the
median

* No associations with ductal vs. lobular breast cancer (NS).

The "alcohol/western" dietary pattern was
associated with increased risk of breast
cancer development, particularly for risk of
ER+/PR+ breast cancer and among
women with BMI<25.

The "healthy/Mediterranean” dietary
pattern was associated with decreased risk
of breast cancer, particularly for risk of
ER+/PR- breast cancer and among women
with energy intakes below the median
(<2,037 kcal).

Engeset, 2009

PCS; Norway (EPIC-
Norway)

Risk of Bias: 4/24

N=34,352 women
(~48y)

546 cases; 7y

e "Traditional fish
eaters"

¢ "Healthy"

¢ "Average, less fish,
less healthy"

¢ "Western"

¢ "Traditional bread
eaters"

¢ "Alcohol users"

No associations with breast cancer (NS)
Individual Components:

Breast cancer risk was higher among those consuming the
"Western" pattern and:

 Higher levels of alcohol (HR=1.74 (95% Cl=1.14-2.68,
P=0.0111))
o Lower levels of fruit/veg (HR=1.76 (95% CI=1.10-2.82,

There was no overall relationship between
the dietary patterns examined and risk of
breast cancer. However, when results were
stratified, breast cancer risk was higher
among those consuming a "Western"
pattern and high levels of alcohol, low
levels of fruit/veg, and low levels of fish.
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Author, Year

Study Design;

Location (Cohort)

Risk of Bias

Sample Size
(Age)

Number of breast
cancer cases;
Duration of Follow

up

Dietary Patterns**

Results

P=0.0189))
¢ Lower levels of fish (HR=1.80 (95% CI=1.17-2.78,
P=0.0079)).

Summary of Findings

Fung, 2005
PCS; US (NHS)

Risk of Bias: 2/24

N=71,058 women
(30-55y)

3,026 cases; 16y

e "Prudent"
o "Western"

No associations with total breast cancer (NS).

Stratified by smoking status: The "Western" diet was
associated with increased breast cancer risk among
smokers (Q1 vs. 5), RR=1.44 (95% Cl=1.02-2.03; P for
trend=0.03)

Stratified by family history of breast cancer: No
associations with total breast cancer when results were
stratified by family history of breast cancer (NS).

Stratified by ER Receptor status:

e The "Prudent" diet was associated with lower risk of ER-
breast cancer (RR=0.62 (95% CI=0.45-0.88; P for
trend=0.006))

e The "Prudent" diet was not associated with risk ER+ breast
cancer (NS)

e The "Western" diet was not associated with ER receptor
status (NS).

There was no overall association between
the "Prudent" or "Western" dietary patterns
and risk of postmenopausal breast cancer.
However, risk of breast cancer was higher
among smokers consuming a "Western"
pattern, and risk of ER- breast cancer was
lower among those consuming the
"Prudent" pattern.

Link, 2013

PCS; US (California
Teachers Study)

Risk of Bias: 2/24

N=91,779 women
(~50y)

4,140 cases; 14.1y

¢ "Plant-based"

¢ "High-protein, high-
fat"

¢ "High-carbohydrate

¢ "Ethnic"

¢ "Salad and wine"

"Plant-based”:

e Inverse association with breast cancer (Q5 vs. 1)
(RR=0.85 (95% CI: 0.76, 0.95, P for trend=0.003).

e Inverse association with ER-/PR- breast cancer (Q5 vs. 1)
(RR=0.66 (95% CI: 0.48-0.91, P-trend=0.03))

"Salad and wine”:

Consuming a plant-based diet was
associated with a reduced risk of breast
cancer, whereas consuming a salad and
wine pattern was associated with an
increased risk of breast cancer. The latter
finding was only slightly attenuated when
overall alcohol consumption was
accounted for.
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Author, Year Sample Size Results

(Age)

Number of breast
cancer cases;
Duration of Follow

Dietary Patterns** Summary of Findings

Study Design;
Location (Cohort)

Risk of Bias

up

o Positive association with breast cancer (Q5 vs. 1) (RR =
1.12 (95% CI: 1.01-1.25, P for trend = 0.010). Adjustment

for alcohol intake reduced the association to 1.09 (95% CI:

0.97-1.23; P-trend = 0.06).
e Positive association with ER+/PR+ breast cancer (Q5 vs.
1) (RR: 1.29 (95% CI: 1.12-1.49, P-trend , 0.001))

The "High-protein, high-fat," "High-carbohydrate," and
"Ethnic" patterns were not associated with breast cancer
(NS).

Individual Components: Risk of breast cancer when
alcohol consumption of >20g/d (compared with none) was
reduced from 1.24 (95% CI: 1.11, 1.38) to 1.12 (95% CI:
0.99, 1.27) with adjustment for all 5 dietary patterns.

"High-protein, high-fat," "High-
carbohydrate," and "Ethnic" patterns were
not associated with breast cancer risk.

Ménnisto, 2005 NLCS: o "Vegetables " "Vegetables”: No associations with breast cancer (NS) The "Vegetables" dietary pattern was not
N=1598 women ¢ "Pork, Processed associated with breast cancer risk.
PCS; Netherlands; (55-69 y) meat, Potatoes" "Pork, Processed meat, Potatoes”:

Italy; Sweden
(Dietary Patterns

1,127 cases; 7y

NLCS: Inverse association with breast cancer (Q1 vs. 4)

The "Pork, Processed meat, Potatoes"
dietary pattern was associated with breast

and Cancer) ORDET: (RR=0.69 (95% CI=0.52-0.92, P for trend=0.02)) cancer risk in the NLCS cohort, but not in
DIETSCAN Project: N=10,788 women ORDET, SMC: No association with breast cancer (NS). the ORDET or SMC cohorts.
Netherlands Cohort | (35-69 y)

Study (NLCS); 210 cases; 9y
(Hormones and

Diet in the SMC:

Etiology of Breast | N=61,463 women
Cancer cohort (40-74y)

(ORDET)); Swedish
Mammography
Cohort (SMC))

1,932 cases; 13y

Archived from www.NEL.gov on March 21, 2017

29



http:www.NEL.gov

Table 3. Summary of studies examining the relationship between dietary patterns and risk of breast cancer

Risk of Bias: 2/24

Sant, 2007
PCS; Italy (ORDET)

Risk of Bias: 5/24

N=8,861 women
(34-70y)

267 cases; 9.5y

¢ "Salad Vegetables"
e "Western"
¢ "Canteen"
¢ "Prudent”

"Salad Vegetables”:

¢ Inverse association with HER-2+ breast cancer (Tertiles
2/3 vs. 1) (2nd: RR=0.33 (95% CI=0.15-0.73; 3rd:
RR=0.25 (95% CI=0.10-0.64; P for trend=0.001))

¢ No association with HER-2- breast cancer (NS)

The "Western," "Canteen,” and "Prudent" patterns were not
associated with either HER-2+ or HER-2- breast cancer
(NS).

Consuming the "Salad Vegetables"
(characterized by high consumption of raw
vegetables and olive oil as added fat) had
a significant protective effect against HER-
2+ breast cancer.

Sieri, 2004

N = 8,984 women

* "Salad Vegetables"

"Salad Vegetables”:

Consuming the "Salad Vegetables"

(34-70y) o "Western" (characterized by high consumption of raw
PCS; Italy (ORDET) e "Canteen" e Inverse association with breast cancer (Tertiles 2/3 vs. 1) vegetables and olive oil as added fat) had
207 cases; 9.5y « "Prudent” (2nd: RR=0.65 (95% CI=0.47-0.91; P for trend=0.016)) a significant protective effect against breast
Risk of Bias: 4/24 (3rd: RR=0.66 (95% CI=0.47-0.95; P for trend=0.016 )) cancer, particularly among women with
e Inverse association with breast cancer in women with BMI <25.
BMI<25 (Tertile 2 vs. 1) (RR=0.39 (95% C|=0.22-0.69, P
for trend=0.001)), but not in women with BMI>25.
The "Western," "Canteen," and "Prudent" patterns were
not associated with breast cancer (NS).
Terry, 2001 N = 61,463 women e "Healthy" "Drinker”: The "Drinker" dietary pattern (higher in
(40-76 y) ¢ "Western" wine, beer, liquor, snacks) was positively
PCS; Sweden e "Drinker” o Positive association with breast cancer (Q1 vs. 5; RR=1.27 | associated with breast cancer risk,
(Swedish 1,328 cases 9.6 y (95% Cl=1.06-1.52; P for trend=0.002) particularly among women older than 50y.
Mammography « Positive association with breast cancer among women The "Healthy" and "Western" patterns were

Screening Cohort)

Risk of Bias: 5/24

>50y (Q1 v 5; RR=1.31 (95% CI=1.05-1.63; P for
trend=0.002), but not among women <50y.

The "Healthy" and "Western" patterns were not associated
with breast cancer (NS)

not associated with breast cancer risk.
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Author, Year Sample Size Results

(Age)

Number of breast
cancer cases;
Duration of Follow

Dietary Patterns** Summary of Findings

Study Design;

Location (Cohort)

Risk of Bias

Velie, 2005

PCS; US (Breast
Cancer Detection
Demonstration
Project)

Risk of Bias: 2/24

up
N=40,559 women
(40-91y)

1,868 cases; 8y

» "Vegetable/fish/poul
try/fruit"

o "Beef/pork/starch"

o "Traditional
southern”

"Traditional southern”:

Inverse association with invasive breast cancer (Q1 vs. 5)
(RH=0.78 (95% CI=0.65-0.95; P for trend=0.003).

The "Vegetable/fish/poultry/fruit" or "Beef/pork/starch"
patterns were not associated with breast cancer (NS).

There was no association between
"Vegetable/fish/poultry/fruit " and
"Beef/pork/starch" and breast cancer risk;
however, the traditional southern pattern
was associated with a reduced risk among
women with invasive breast cancer, but not
total breast cancer.

Reduced Rank
Regression

Fung, 2012
PCS; US (NHS)

Risk of Bias: 2/24

N=67,802 women
(30-55y)

4,596 cases; 22y

“Estrogen Pattern”

Response variables:

Estradiol, estrone
sulfate

No associations with breast cancer (total and based on
estrogen and progesterone receptor status) (NS).

A dietary pattern derived based on
estradiol and estrone sulfate was not
associated with risk of breast cancer.

Schulz, 2008

PCS; Germany
(EPIC-Potsdam)

Risk of Bias: 2/24

N=15,351 (~49y)

137 cases; 6y

"Fatty Acid" Pattern

Response variables:

Nutrient densities of
fatty acid fractions
(i.e., SFA, MUFA, n-3
PUFA, n-6 PUFA)

Positive association with breast cancer (Tertile 1 vs. 3)
(HR=2.34 (95% CIl=1.45-3.79; P for trend=0.0004)).

Consuming a "Fatty Acid" dietary pattern
(high in processed meat, fish, butter,
animal fats, margarine; lower in bread, fruit
juice) was associated with increased risk of
breast cancer.

Other Dietary

Patterns Methods

Cade, 2010 N=33,725 women ¢ "Vegetarian" No associations with breast cancer in the full sample, or in There were no statistically signiycant
(~52y) ¢ "Fish Eater" premenopausal women (NS). associations with dietary pattern and risk of

PCS; UK (UK « "Poultry Eater" premenopausal breast cancer. In

Women's Cohort)

Risk of Bias: 2/24

783 cases; 9y

¢ "Red Meat Eater"

In postmenopausal women, breast cancer risk was lower for
"Fish Eaters" compared to "Red Meat Eaters" (HR=0.60
(95% CI =0.38-0.96)).

postmenopausal women, consuming a fish
dietary pattern was associated with lower
risk of breast cancer compared to those
consuming a red meat dietary pattern.

Key, 2009

N=40,476 women

» Vegetarians

No associations with breast cancer (NS).

None of the dietary patterns examined
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Author, Year Sample Size Dietary Patterns™* Results Summary of Findings
(Age)

Study Design;

Location (Cohort) Number of breast
cancer cases;
Risk of Bias Duration of Follow

up

(~45y) o Non-vegetarians: (vegetarian, non-vegetarian, meat eater,

PCS; UK (EPIC- e Meat eaters fish eater) were associated with risk of

Oxford) 861 cases; 8y o Fish eaters breast cancer.

Risk of Bias: 9/24

Prentice, 2006 N=46,775 women e Low-fat dietary No differences in breast cancer incidence between the Among postmenopausal women, a low-fat

(~62y) intervention group intervention and comparison groups (NS). dietary pattern did not reduce breast

RCT; US (Women's e Comparison group cancer risk. However, secondary analyses

Health Initiative) 1,727 cases; 8.1y Incidence of PR- breast cancer was lower in the treatment suggest that the low-fat dietary intervention
vs. comparison group (HR=0.76 (95% CI=0.63-0.92, may reduce risk of PR- breast cancer.

Risk of Bias: 6/28 P=0.004), and for the ratio of ER+/PR- (HR=0.64 (95%

Cl=0.49-0.84, P=0.001).
*Risk of Bias as determined using the Nutrition Evidence Library Bias Assessment Tool
**Additional details regarding the dietary patterns, as reported by the authors, are found in the “Description of Evidence” section of the Evidence Portfolio
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Type of Dietary Patterns and Breast Cancer Risk

Results were heterogeneous when examining which dietary patterns were associated with
either increasing or decreasing the risk of breast cancer. However, the preponderance of
evidence favors a dietary pattern rich in fruits, vegetables and whole grains and lower in
animal products and refined carbohydrate.

In 15 studies, consuming a dietary pattern that contained a diverse array of fruits, vegetables
and grains with less frequent consumption of animal products and refined carbohydrate was
associated with decreased risk of breast cancer (Agurs-Collins, 2009; Baglietto, 2011;
Buckland, 2013; Butler, 2010; Cade, 2010; Cottet, 2009; Fung, 2005; Fung, 2006; Fung,
2011; Link, 2013; Prentice, 2006; Sant, 2007; Sieri, 2004; Velie, 2005; Trichopoulou, 2010).
However, a similar number of studies detected no association between consuming a similar
diet and risk of breast cancer (Adebamowo, 2005; Baglietto, 2011; Butler, 2010; Cade, 2010;
Cade, 2011; Couto, 2013; Engeset, 2009; Fung, 2006; Key, 2009; Mai, 2005; Mannisto, 2005;
Sant, 2007; Sieri, 2004; Terry, 2001; Velie, 2005). Conversely, one study (Link, 2013)
reported a plant-based diet as being associated with an increase in breast cancer risk.

Conversely, several studies examined dietary patterns that were higher in red and processed
meat and refined carbohydrates and lower in fruits and vegetables found an increased risk of
breast cancer with these patterns (Baglietto, 2011; Cottet, 2009; Fung, 2005; Terry, 2001;
Schulz, 2008). Though, a number of studies found no relationship between these types of
patterns and breast cancer risk (Adebamowo, 2005; Agurs-Collins, 2009; Baglietto, 2011,
Butler, 2010; Engeset, 2009; Fung, 2012; Link, 2013; Mannisto, 2005; Sant, 2007; Sieri, 2004;
Terry, 2001; Velie, 2005). Finally, in one study, consuming a dietary pattern characterized as
rich in pork, processed meat and potatoes was associated with a lower risk of breast cancer
in one of three cohorts examined (Mannisto, 2005).

Due to the variety of different methods employed to derive dietary patterns; the patterns,
though similar in many characteristics, were composed of different combinations of foods and
beverages, and it is difficult to determine with precision which patterns are most predictive of
increased or decreased breast cancer risk. At this time, the accumulated data favors a dietary
pattern with a diverse array of fruits, vegetables and whole grains and less frequent
consumption of animal products and refined carbohydrates, yet more studies with
standardized dietary assessment tools are necessary.

Dietary Patterns, Menopausal Status, and Breast Cancer Risk

Menopausal status was considered as a potential confounder in many of the studies included
in this review. Some studies included only premenopausal (Adebamowo, 2005) or
postmenopausal women (Cottet, 2009; Fung, 2005; Fung, 2006; Fung, 2011; Fung, 2012;
Prentice, 2006; Velie, 2005), some adjusted for menopausal status at baseline (Baglietto,
2011; Butler, 2010; Cade, 2011; Link, 2013; Mai, 2005; Mannisto, 2005-NLCS; Sant, 2007,
Sieri, 2004; Schulz, 2008) and others stratified results by menopausal status (Agurs-Collins,
2009; Buckland, 2013; Butler, 2010; Cade, 2010; Couto, 2013; Trichopoulou, 2010). Only a
few studies did not address menopausal status in their analyses (Engeset, 2009; Key, 2009;
Mannisto, 2005-ORDET, SMC; Terry, 2001).

In the studies that stratified results by menopausal status, several found a relationship
between dietary patterns and breast cancer risk only among postmenopausal women
(Buckland, 2013; Butler, 2010; Cade, 2010; Trichopoulou, 2010). In addition, many of the
studies that only included postmenopausal women also reported significant relationships

33
Archived from www.NEL.gov on March 21, 2017


http://www.nel.gov/

Systematic Reviews of the Dietary Patterns, Food and Nutrients Subcommittee, 2015 DGAC

(Cottet, 2009; Velie, 2005), particularly for risk of breast cancer with ER/PR negative hormone
receptor status (Fung, 2006; Fung, 2011; Prentice, 2006), while the study that only included
premenopausal women reported no significant associations (Adebamowo, 2005). Further,
most of the studies that did not address menopausal status in their analyses failed to detect
significant associations (Engeset, 2009; Key, 2009; Mannisto, 2005-ORDET, SMC).

Thus far, it appears that the relationship between dietary patterns and breast cancer risk is
more consistent among postmenopausal women. Some of these differences in the strength of
association may be due to the fact that there are more postmenopausal breast cancers
compared to premenopausal cancers, so the power to detect associations is less among the
premenopausal cases. In addition, fewer risk factors are known for premenopausal breast
cancers, so the ability to control for confounding is diminished. In addition, the impacted
dietary patterns on postmenopausal breast cancer may be related to diet earlier in life, rather
than diet during the postmenopausal period. However, much more research is needed to
explore these relationships.

Dietary Patterns and Risk of Breast Cancer by Tumor Hormone Receptor Status

A number of studies included in this review also examined whether hormone (estrogen,
progesterone) receptor status (plus or minus) of the cancer impacted the relationship between
dietary patterns and risk of breast cancer (Agurs-Collins, 2009; Baglietto, 2011; Buckland,
2013; Butler, 2010; Cottet, 2009; Couto, 2013; Fung, 2005; Fung, 2006; Fung, 2011; Fung,
2012; Link, 2013; Prentice, 2006; Sant, 2007).

In several of these studies, an inverse relationship between dietary patterns with a diverse
array of fruits, vegetables and grains and less frequent consumption of animal products and
refined carbohydrate and breast cancer risk were reported for ER-, PR-, or ER-/PR-combined
cancers (Agurs-Collins, 2009; Baglietto, 2011; Buckland, 2013; Fung, 2005; Fung, 2006;
Fung, 2011; Link, 2013; Prentice, 2006) and for ER+/PR-cancers (Cottet, 2009; Prentice,
2006). Conversely, several found a relationship between dietary patterns that were higher in
red and processed meat and refined carbohydrates and lower in fruits and vegetables,
particularly patterns that featured alcohol, and increased risk for ER+/PR+ breast cancer
(Cottet, 2009; Link, 2013; Sant, 2007).

These findings suggest that breast cancer subtypes (as defined by genotype or other
markers) may be specifically related to certain dietary patterns. However, much more
research is needed to further explore these relationships.

Other Factors Impacting Dietary Patterns and Breast Cancer Risk

A few studies stratified analyses by body mass index (BMI) status (Agurs-Collins, 2009;
Cottet, 2009; Sieri, 2004). In all cases, significant associations between dietary patterns and
breast cancer risk were found among participants with BMI less than 25kg/m2 and no
associations were seen in those with BMI higher than 25kg/m2. These findings suggest that
weight status may modify the relationship between dietary patterns and risk of breast cancer,
although more research is needed to explore this relationship further. In addition, the
interrelationships between diet, anthropometrics, BMI, sedentary behavior and exercise
should be considered.

Several studies considered additional factors when analyzing results. For example, several
examined whether certain histopathologic features of the cancer were associated with dietary
patterns (Couto, 2013; Cottet, 2009), while others stratified results by smoking status
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(Adebamowo, 2005; Agurs-Collins, 2009; Fung, 2005), family history of breast cancer (Fung,
2005) or age (Terry, 2001). More research is needed to explore these factors and others to
understand how the relationship between dietary patterns and breast cancer risk may be
impacted.

Individual Components of Dietary Patterns and Breast Cancer Risk

A few of the studies included in this systematic review examined whether particular
components of the dietary patterns could explain most of the variance in the dietary pattern-
breast cancer associations. Here, investigators analyzed the relationship between individual
components of dietary patterns and breast cancer risk, while controlling for the rest of the
dietary pattern (Buckland, 2013; Engeset, 2009; Link, 2013). Buckland, 2013 found that high
vegetable intake, after controlling for other components of the arMED score, was inversely
associated with breast cancer risk. Engeset, 2009 found that risk of breast cancer increased
among those individuals consuming a Western pattern and higher levels of alcohol, lower
amounts of fruit and vegetables and lower amounts of fish. Link, 2013 also found that risk of
breast cancer was increased when alcohol consumption was more than 20g per day after
adjusting for all of the dietary patterns identified.

Generalizability to the US Population

The participants examined in these studies are diverse; many are international studies with
diverse cultures and dietary patterns. Thus generalizability to the US population may be of
concern. Although 10 of the studies included in the review were done in the United States,
five of the studies used data from a single cohort (the Nurse’s Health Study). In addition, little
information was provided about subject demographics, including ethnicity/race, making it
difficult to determine how the results apply to specific subgroups.

Limitations

The studies included in this review have a number of additional limitations that make
interpretation of results challenging. The wide range of methods used to define and assess
dietary patterns makes it difficult to compare and contrast results among studies. In addition,
dietary patterns were derived using dietary intake measured at baseline only, and therefore
may not reflect patterns consumed throughout relevant periods of life prior to enrollment in the
study, or changes in intake that may have occurred over duration of the study. There was also
substantial variability in subgroup analyses done, particularly in those done to examine the
impacts of potential confounders (i.e., menopausal status, BMI, tumor hormone receptor
status). Finally, though these studies controlled for a number of confounders, not all potential
confounders were adjusted for and residual confounding is possible. Thus, additional efforts
are necessary to define appropriate confounders and incorporate them into studies designed
to define relationships between dietary patterns and premenopausal and postmenopausal
breast cancer risk.
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In order to better assess the relationship between dietary patterns and risk of developing
breast cancer, additional research is needed to:

Improve and validate novel epidemiologic tools for the accurate assessment of dietary
patterns over the life course, including the use of biomarkers

Improve methodologic approaches for defining different dietary patterns such that
patterns can be more consistently identified, scored and compared across studies
Establish cohort studies that start earlier in life in order to capture dietary patterns
contributing to risk of breast cancer risk later in life. It is particularly important to
consider key phases of the life cycle relevant to breast cancer, including childhood and
menarche, adolescence and periods of mammary gland development and growth,
periods of reproduction and lactation and subsequent years prior to cancer
development

Assess associations of dietary patterns by subtypes of breast cancer defined by
histopathologic outcomes, tumor hormone receptor status, molecular genotypes, gene
expression patterns and other biological characteristics that influence the tumor
behavior, for example, by tumor hormone receptor status and other relevant
phenotypic characteristics (i.e., HER2 status)

Examine how anthropometrics, physical activity and sedentary behaviors modify the
relationship between dietary patterns and risk of breast cancer

Examine the impact of SES, and ethnic/racial groups in regards to dietary patterns and
breast cancer.

Search plan and results

Inclusion criteria

Human subjects

Subject populations from countries with high or very high human development,
according to the 2012 Human Development Index[1]

Children, adolescents and adults aged two years and older

Subjects who were healthy or at elevated chronic disease risk

Randomized or non-randomized controlled trial, prospective cohort study or a nested
case-control study

Intervention studies with a dropout rate of 20% and a differential dropout rate of 15%
between groups

The intervention or exposure was adherence to a dietary pattern [e.g., a priori patterns
(indices/scores), data driven patterns (factor or cluster analysis), reduced rank
regression or patterns derived from other methods [Dietary Approaches to Stop
Hypertension (DASH), vegetarian]

A description of the dietary pattern(s) (i.e., foods and beverages) consumed by
subjects was provided

The comparator was different levels of adherence to a dietary pattern or adherence to
a different dietary pattern

The outcome was incidence of colorectal, breast, prostate or lung cancer.

In addition, articles were included if they were published in English in a peer-reviewed journal
between January 2000 and January 2014. If an author is included on more than one primary
research article that is similar in content, the paper with the most pertinent data and endpoints
was included. If data and endpoints from both papers are appropriate, it was made clear that
results are from the same intervention.
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[1] United Nations Development Programme. Human Development Report 2013, The Rise of
the South: Human Progress in a Diverse World 2013. Available from:
http://hdr.undp.org/sites/default/files/reports/14/hdr2013 en_complete.pdf.

Exclusion criteria

Animals and in vitro models
Subiject populations from countries with medium or low human development,
according to the Human Development Index
Children under the age of two years
Subjects who were hospitalized, diagnosed with disease and receiving medical
treatment
Study types including:
o Systematic review
Meta-analysis
Narrative review
Before and after
Uncontrolled
Cross-sectional
Case-control
Ecological design.
Articles were excluded if they were:
o Not published in English
o Published before January 2000
o Not published in peer-reviewed journals (e.g., websites, magazine articles,
Federal reports).
If an author was included on more than one review article or primary research article
similar in content, the paper with the most pertinent data and endpoints was included
and others were excluded.

O O O O O O O

Analytic framework
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Analytical Framework: Dietary Patterns and Cancer

w Key Definitions:
Children and adults (2y+), healthy and at risk for chronic disease *Dietary patterns: The quantities,
proportions, variety, or combination
{Literature will be examined by age group, sex, race/ethnicity, and geographic of different foods, drinks, and
location as appropriate. Age/lifestage groups of interest include children, nutrients (when available) in diets,
adolescents, adults, including pregnant, lactating, and peri-postmenopausal and the frequency with which they
women, and older adults} are habitually consumed.
|

Intervention/Exposure
Adherence to a dietary pattern (e.g., a priori patterns
(indices/scores), data driven patterns (factor or cluster analysis),
reduced rank regression, or patterns derived from other methods
(DASH, vegetarian))
Comparator

Different levels of adherence to a dietary pattern; Adherenceto a

different dietary pattern

l

Endpoint Health Outcomes
*Incidence of breast cancer

*Incidence of colorectal cancer d
*Incidence of prostate cancer
*Incidence of lung cancer

Potential Confounders
*Total energy intake
*BMI
*Sex
*Age

*Smoking
*Alcohol intake
*Physicalactivity
*SES
*Race/ethnicity
*Family history
*Genetics
*ERT

*Cx screening

Systematic Review Questions:

*What is the relationship between dietary patterns and risk of breast cancer?
*What is the relationship between dietary patterns and risk of colorectal cancer?
*What is the relationship between dietary patterns and risk of prostate cancer?
*What is the relationship between dietary patterns and risk of lung cancer?

Search terms and electronic databases used
e PubMed
o Date(s) Searched: January 2014

o Search Terms: (“diet quality” OR dietary pattern* OR diet pattern* OR
eating pattern* OR food pattern* OR eating habit* OR dietary habit* OR
food habit* OR dietary profile* OR food profile* OR diet profile* OR
eating profile* OR dietary guideline* OR dietary recommendation* OR
food intake pattern* OR dietary intake pattern* OR diet pattern* OR
eating style*) OR

(DASH{[ti] OR DASH][tw] OR ("dietary approaches"[ti]] AND
hypertension]ti]) OR "Diet, Mediterranean"[Mesh] OR Mediterranean [ti]
OR vegan* OR vegetarian* OR "Diet, Vegetarian"[Mesh] OR “prudent
diet” OR “western diet” OR nordiet OR omni[ti] OR omniheart[tiab] OR
(Optimal Macronutrient Intake Trial to Prevent Heart Disease) OR
((Okinawa™* OR "Ethnic Groups"[Mesh] OR “plant based” OR
Mediterranean[tiab]OR Nordic[tiab] OR "heart healthy"[tiab] OR indo-
mediterranean) AND (dietfmh] OR diet[tiab] OR food[mh]))) OR
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("Guideline Adherence"[Mesh] AND (diet OR food OR eating OR eat OR
dietary OR feeding OR nutrition OR nutrient*)) OR (adherence AND
(nutrient* OR nutrition OR diet OR dietary OR food OR eat OR eating)
AND (guideline* OR guidance OR recommendation*)) OR

(dietary score* OR adequacy index* OR kidmed OR Diet Quality Index*
OR Food Score* OR Diet Score* OR MedDietScore OR Dietary Pattern
Score* OR “healthy eating index”) OR

((index*[ti] OR score*[ti] OR indexes OR scoring]ti] OR indicesJti]) AND
(dietary[ti] OR nutrient*[ti] OR eating[tiab] OR food]ti] OR food[mh] OR
diet[ti] OR diet[mh]) AND (pattern* OR habit* OR profile*)) Eng/hum AND
("Study Characteristics" [Publication Type] OR “clinical trial”[ptyp] OR
"Epidemiologic Studies"[Mesh] OR "Support of Research”[ptyp]) NOT
(editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR

review[ptyp])
AND

"Colorectal Neoplasms"[mesh] OR "polyps"[MeSH Terms] OR "lung
neoplasms"[MeSH Terms] OR "Prostatic Neoplasms"[Mesh] OR "Breast
Neoplasms”[Mesh] OR ((cancer[tiab] OR cancers[tiab] OR
cancerous[tiab] OR neoplasm*[tiab] OR carcinogen*[tiab] OR
"Carcinogens”[Mesh] OR tumor[tiab] OR tumors[tiab] OR tumour*[tiab]
OR carcinoma*[tiab] OR adenocarcinoma*[tiab] OR sarcoma*[tiab] OR
metastasis[tiab] OR metastases|tiab] OR polyp*[ti]) AND (colonic*[tiab]
OR colon[tiab] OR colorect*[tiab] Or rectal OR rectum OR breast*[tiab]
OR mammary[tiab] OR prostate*[tiab] OR prostatic[tiab] OR lung]tiab])).

e Cochrane
o Date(s) Searched: January 2014

o Search Terms: '("diet quality” OR (dietary NEXT guideline*) OR (dietary
NEXT recommendation*) OR ((food OR eating OR diet OR dietary)
NEAR/3 (pattern OR profile OR habit)) OR (eating NEXT style*) OR
("dietary approaches to stop hypertension” OR vegan* OR vegetarian*
OR "prudent diet" OR "western diet" OR nordiet OR "Nordic diet" OR
omniheart OR "Optimal Macronutrient Intake Trial to Prevent Heart
Disease" OR ((asia* OR western OR Okinawa* OR "plant based" OR
Mediterranean OR DASH) AND (diet* OR food))) OR ((Index OR score
OR indices OR scoring) NEAR/3 (dietary OR diet OR food OR eating))
OR "adequacy index" OR kidmed OR MedDietScore) in Title, Abstract,
Keywords and ((neoplasm* OR cancer* OR carcinogen* OR tumor* OR
tumour* OR carcinoma* OR adenocarcinoma*) AND (colonic* OR
colorect* OR rectal* OR rectum OR breast* OR mammar* OR prostate*
OR prostatic)) in Title, Abstract, Keywords not pubmed in Trials'.

e Embase

o Date(s) Searched: January 2014
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o Search Terms: (MedDietScore OR adequacy index* OR kidmed OR
‘healthy eating index”) OR ((index OR score OR scoring) NEAR/3 (‘diet
quality' OR dietary OR nutrient* OR eating OR food OR dieti)):ti, ab OR

(‘diet quality’ OR 'eating habit/exp OR 'Mediterranean diet'/exp OR
nordiet:ti, ab OR ‘nordic diet’:ti, ab OR DASH:ti, ab OR ‘dietary
approaches to stop hypertension’:ti, ab OR vegan*:ab, ti OR
vegetarian*:ab, ti OR 'vegetarian diet'/exp OR ‘vegetarian'/exp OR
‘prudent diet’:ti, ab OR ‘western diet’:ti, ab OR omniheart:ti, ab OR
omni:ti OR ‘plant based diet’) OR ((dietary OR eating OR food OR diet)
NEAR/2 (pattern? OR habit? OR profile? OR recommendation? OR
guideline?)) OR ((‘ethnic, racial and religious groups'/exp or Okinawa*
OR ‘mediterranean’) AND (diet/exp OR eating/exp OR 'food intake'/de))

AND

((cancer*:ab, ti OR tumor*:ab, ti OR tumour*:ab, ti OR 'neoplasm'/exp OR
neoplasm*:ab, ti OR carcinogen*:ab, ti OR 'carcinogen'/exp OR
‘carcinoma’/exp OR carcinoma*:ab, ti OR adenocarcinoma*:ab, ti OR
metastas*s:ab, ti OR sarcoma*:ab, ti) AND (colonic*:ti, ab OR colorect*:ti,
ab OR rectal OR rectum OR breast*:ti, ab OR mammar*:ti, ab OR
prostate*:ti, ab OR prostatic:ti, ab OR lung*:ti, ab)) OR (‘breast
tumor'/exp OR 'prostate cancer'/exp OR ‘colon tumor'/exp OR 'lung
cancer'/exp).

e Naviagator (Food Science & Technology Abstracts/BIOSIS/CAB Abstracts)
o Date(s) Searched: February 2014

o Search Terms: (MedDietScore or "adequacy index" or kidmed or ((index
or score) near/2 (("diet quality") or dietary or nutrient* or eating or food or
diet)) or ((Diet or dietary or eating or food) near/2 (pattern* or profile* or
habit* or guideline* or recommendation®) or "diet quality") or “dietary
approaches to stop hypertension” or vegan* or vegetarian® or "prudent
diet" or "western diet" or omniheart or "Optimal Macronutrient Intake Trial
to Prevent Heart Disease" or nordiet or “Nordic diet” OR or ((Okinawa*
or asia* or Chinese or japan* or Hispanic* or ethnic or "plant based" or
title:omni or title:Mediterranean or DASH) near/3 (title:diet* or
abstract:diet*)))

AND

((title:neoplasm* OR title:cancer* OR title:carcinogen* OR title:tumor*
OR title:tumour* OR title:carcinoma* OR title:adenocarcinoma*)

NEAR/3 (title:colonic* OR title:colorect* OR title:rectal* OR title:rectum
OR title:breast* OR title:mammar* OR title:prostate* OR title:prostatic OR

lung)).
Date range: January 2014 to February 2014
Summary of articles identified to review
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e Total hits from all electronic database searches: 1780

e Total articles identified to review from electronic databases: 820

e Articles identified via handsearch or other means:

o Adebamowo CA, Hu FB, Cho E, Spiegelman D, Holmes MD, Willett WC.

Dietary patterns and the risk of breast cancer. Ann Epidemiol. 2005;15(10):789-
795. PMID: 16257363. http://www.ncbi.nlm.nih.gov/pubmed/16257363

Number of Primary Articles Identified: 82

Number of Review Articles ldentified: O

Total Number of Articles Identified: 82

Number of Articles Reviewed but Excluded: 769

Articles identified through
database searching(n=1780)
{PubMed, Embase, Cochrane,
Navigator)

)

Articles screened(Title) Articles excluded
(n=1780) {n=960)

|

Articles screened(Abstract) Articles excluded
(n=820) {n=739)

|

Full-textarticles reviewed for
eligibility (n=81)

Hand search Full-textarticles excluded
fn=1) - {n=30)
Studiesincludedin systematic
review (52)
Breastcancer (n=25)
Colorectal cancer(n=22)
Lungcancer(n=4)
Prostate cancer (n=7)
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CHAPTER 3. DIETARY PATTERNS AND RISK OF COLORECTAL

CANCER
_______________________________________________________________________________________________________________|

WHAT IS THE RELATIONSHIP BETWEEN DIETARY PATTERNS AND RISK OF
COLORECTAL CANCER?

TECHNICAL ABSTRACT

Background

The goal of this systematic review was to determine whether dietary patterns are associated
with risk of colorectal cancer. Dietary patterns were defined as the quantities, proportions,
variety or combination of different foods, drinks and nutrients in diets, and the frequency with
which they are habitually consumed.

Conclusion statement

Moderate evidence indicates an inverse association between dietary patterns that are higher
in vegetables, fruits, legumes, whole grains, lean meats and seafood, low-fat dairy and
moderate alcohol; and low in red and processed meats, saturated fat and sodas and sweets
relative to other dietary patterns and the risk of colon and rectal cancer. Conversely, diets that
are higher in red and processed meats, French fries and potatoes, and sources of sugars
(i.e., sodas, sweets and dessert foods) are associated with a greater colon and rectal cancer
risk.

2015 DGAC Grade: Moderate

Methods

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB
Abstracts and Food Science and Technology Abstracts) and Cochrane databases to identify
studies that evaluated the association between dietary patterns and risk of colorectal cancer.
Studies that met the following criteria were included in the review: randomized controlled
studies (RCTs), non-randomized controlled trials, prospective cohort studies, or nested case-
control studies; human subjects aged two years and older who were healthy or at elevated
chronic disease risk; subjects from countries with high or very high human development (2012
Human Development Index); and published in English in peer-reviewed journals. The date
range was from January 2000 to January 2014. The intervention or exposure was adherence
to a dietary pattern (e.g., a priori patterns, data-driven patterns, reduced rank regression or
patterns derived from other methods, and a description of the dietary pattern(s) (i.e., foods
and beverages) consumed by subjects was provided. The outcome was incidence of
colorectal cancer.

Data from each included article were extracted, and risk of bias was assessed. The evidence
was qualitatively synthesized, a conclusion statement was developed and the strength of the
evidence (grade) was assessed using pre-established criteria including evaluation of the
quality and risk of bias, quantity, consistency, magnitude of effect and generalizability of
available evidence.

Findings
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e This systematic review included 21 articles from prospective cohort studies and one
article from an RCT published since 2000 that examined the relationship between
dietary patterns and risk of colorectal cancer

e The articles used diverse methodology to assess dietary patterns. Nine articles used
indices and scores to assess dietary patterns, 10 articles used data-driven methods
and three used other approaches.

o The dietary patterns examined in this systematic review were defined in various ways,
making comparisons between articles difficult. However, despite general heterogeneity
in this body of evidence, some protective dietary patterns emerged, particularly in
articles where patterns were defined by index or score; articles using data-driven
methods were less consistent.

o Patterns emphasizing vegetables, fruits, fish and seafood, legumes, low-fat
dairy, and whole grains were generally associated with reduced risk of
colorectal cancer

o Patterns higher in red and processed meats; potatoes and French fries; and
sodas, sweets, added sugars were generally associated with increased risk of
colorectal cancer.

e The relationship between dietary patterns and colorectal cancer risk often varied by
sex and tumor location. Results based on analysis by sex were mixed, while analysis
in tumor subgroups seemed to indicate that dietary patterns may be more strongly
associated with tumor development in distal regions of the colon and rectum.

Limitations
The ability to draw strong conclusions was limited by the following issues:

¢ Although most cohort studies make extensive efforts to include participants across a
wide range of race/ethnic groups and across the socioeconomic continuum, there still
may be some groups for which the association between dietary patterns and colorectal
cancer risk cannot be reliably assessed; therefore, conclusions cannot be drawn.

FULL REVIEW

Conclusion statement

Moderate evidence indicates an inverse association between dietary patterns that are higher
in vegetables, fruits, legumes, whole grains, lean meats and seafood, low-fat dairy and
moderate alcohol; and low in red and processed meats, saturated fat, sodas and sweets
relative to other dietary patterns and the risk of colon and rectal cancer. Conversely, diets that
are higher in red and processed meats, French fries and potatoes and sources of sugars (i.e.,
sodas, sweets and dessert foods) are associated with a greater colon and rectal cancer risk.

Grade

Moderate
Key findings

e This systematic review included 21 articles from prospective cohort studies and one
article from an RCT published since 2000 that examined the relationship between
dietary patterns and risk of colorectal cancer

e The articles used diverse methodology to assess dietary patterns. Nine articles used
indices and scores to assess dietary patterns, 10 articles used data-driven methods
and three used other approaches
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e The dietary patterns examined in this systematic review were defined in various ways,
making comparisons between articles difficult. However, despite general heterogeneity
in this body of evidence, some protective dietary patterns emerged, particularly in
articles where patterns were defined by index or score; articles using data-driven
methods were less consistent.

o Patterns emphasizing vegetables, fruits, fish and seafood, legumes, low-fat
dairy and whole grains were generally associated with reduced risk of
colorectal cancer

o Patterns higher in red and processed meats; potatoes and French fries; and
sodas, sweets and added sugars were generally associated with increased risk
of colorectal cancer.

e The relationship between dietary patterns and colorectal cancer risk often varied by
sex and tumor location. Results based on analysis by sex were mixed, while analysis
in tumor subgroups seemed to indicate that dietary patterns may be more strongly
associated with tumor development in distal regions of the colon and rectum.

e Although most cohort studies make extensive efforts to include participants across a
wide range of race/ethnic groups and across the socioeconomic continuum, there still
may be some groups for which the association between dietary patterns and colorectal
cancer risk cannot be reliably assessed; therefore, conclusions cannot be drawn.

Evidence summary

Description of the Evidence

This systematic review includes 22 studies (from 12 cohorts and one randomized controlled
trial (RCT) that examined the relationship between dietary patterns and risk of colorectal
cancer, one RCT (Beresford, 2006) and 21 articles from prospective cohort studies (Agnoli,
2012; Bamia, 2013; Butler, 2008; Dixon, 2004; Doubeni, 2012; Engeset, 2009; Flood, 2008;
Fung, 2003; Fung, 2010; Fung, 2012; Jarvandi, 2013; Kesse, 2006; Key, 2009; Kim, 2005;
Kyro, 2013; Mai, 2005; Miller, 2013; Reedy, 2008; Terry, 2001; Wirfalt, 2008; Wu, 2004). Most
of the included studies had relatively low risk of bias ratings (scores ranged from zero to
seven points out of 24 or 28).

Dietary Patterns Analysis

Dietary patterns were assessed using a variety of different methods, including index and
score analysis, factor and principal components analysis, cluster analysis, reduced rank
regression (RRR) and others. A description of the articles included by type of method used to
measure dietary patterns is below.

Index and Score Analysis

Nine of the articles included in this review assessed dietary patterns using indices and scores
(Agnoli, 2013; Bamia, 2013; Doubeni, 2012; Fung, 2010; Jarvandi, 2013; Kyro, 2013; Mai,
2005; Miller, 2013; Reedy, 2008). These were conducted using participants from six different
cohorts including the NIH-AARP cohort; EPIC cohorts; Nurse’s Health Study (NHS); Health
Professional’s Follow-up Study (HPFS); The Danish Diet, Cancer, and Health Study
(DDCHS); and The Breast Cancer Detection Demonstration Project (BCDDP). Participants
resided in the United States (NIH-AARP, NHS, HPFS, and BCDDP), Denmark (DDCHS and
EPIC), Italy, France, Germany, Greece, Netherlands, Norway, Spain, Sweden and United
Kingdom (EPIC).

Sample size ranged from 37,135 to 506,488 participants; two articles had less than 50,000
(Agnoli, 2013; Mai, 2005), two had 50,000 to 300,000 (Fung, 2010; Kyro, 2013), and five had
more than 300,000 (Bamia, 2013; Doubeni, 2012; Jarvandi, 2013; Miller, 2013; Reedy, 2008).
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In addition, the number of incident colorectal cancer cases identified ranged from 372 to 7,676
cases.

All of the articles used data from generally healthy adult men and women without previous
cancer diagnosis. Three articles additionally excluded participants with end-stage renal
disease (Jarvandi, 2013; Miller, 2013; Reedy, 2008). One study only included women (Mai,
2005). Age of the participants ranged from 25 years to 75 years, with seven articles having a
mean sample age above 50 years old. Few articles provided data for race/ethnicity reporting
approximately 90% non-Hispanic white, 5% non-Hispanic black and 2% Hispanic. Education
level was inconsistently reported with ranges of 21% to 46% with a college degree and 21%
to 89% with at least 12 years of education/high school diploma. Two articles enrolled a
majority (more than 70%) of participants with less than a high school diploma or 10 years of
education (Kyro, 2013; Agnoli, 2013).

In all articles, dietary intake was assessed using a validated food frequency questionnaire
(FFQ). Eight of the articles assessed intake once at baseline, while one article assessed
intake over the course of the study and used cumulative intakes to determine dietary pattern
scores (Fung, 2010).

A variety of indices and scores were use in these articles. A list is provided below, and the
components and scoring procedures for the indices and scores are described in more detail in
Table 1.

Agnoli, 2013 assessed dietary patterns using the Italian Mediterranean Diet Index.

Bamia, 2013 assessed dietary patterns using the Modified Mediterranean Diet Score
(MMDS).

Doubeni, 2012 assessed dietary patterns using the Mediterranean diet score (MDS).

Fung, 2010 assessed dietary patterns using the:

¢ Alternate Mediterranean Diet Score (aMED)
o Dietary Approaches to Stop Hypertension (DASH).

Jarvandi, 2013 assessed dietary patterns using the Healthy Eating Index (HEI) (2005).
Kyro, 2013 assessed dietary patterns using the Nordic Food Index.
Mai, 2005 assessed dietary patterns using the Recommended Food Score (RFS).

Miller, 2013 assessed dietary patterns using versions of DASH scores (Dixon; Mellen; Fung;
Guenther).

Reedy, 2008 assessed dietary patterns using the:

Mediterranean diet score (MDS)
Recommended Food Score (RFS)
Alternative Healthy Eating Index (AHEI)
Healthy Eating Index (HEI) (2005).

Table 1. Indices and scores used to assess the relationship between dietary patterns
and colorectal cancer.
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Fat >Median=1 >Median=1 >Median=1 Intake™ (10 | intake below 5% fat®=1: <6% 0-250mg/d
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Tertile=1 energy™ 0-10
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(Reference) Index (aMED) (Tri(cho o?ou MDS) (Kyro, 2013) (Gunther, 2009) (Fung, 2008) (Dixon, 2007) (Mellen, 2008) (Kant, 2000) (McCullough, (HEI)-2005
(Agnoli, 2013) F 2006 201%) ’ (Trichopolou, oI ' 2002) (Guenther, 2006)
(R, 200 2005)
Article(s) | Agnoli, 2013 | Fung, 2010 | Poubeni2012: 1 g o o013 Kyro, 2013 Miller, 2013 LT, 210010 Miller, 2013 Miller, 2013 | Mai. 2005 Reedy, | pooqy 2008 zoﬁy ?egiléy
’ ’ Reedy, 2008 ’ ’ ’ Miller, 2013 ’ ’ 2008 ’ 2’008 ’
Component Total Score: 0 Total Score: Total Score: 0 | Total Score: 0 | Total Score: 0 | Total Score: 0 | Total Score: 8 to | Total Score: 0 | Total Score: 0 Total Score: Total Score: 0 Total Score: 0
P to 11 0to 9 to 9 to 9 to 6 to 80 40 to 9 to 9 0 to 23* to 110 to 100
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; 0.5-1.5¢ alcoholic bevs &
5-259, (+m) 5-25Q, 1 (+m) Drinks/Day &, -
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Red & Red & Red & Red & Pr?cegsfe d Red & >18% ener Red &
Processed Processed Processed Processed ) Processed 0 & (+9_y Processed
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Total Meat Meat Meat Meat Meat 1-5 Meat chicken or turkey™ Meat 0-10%
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Dairy Products!” Eow-Fat 1-5 Products!” beverages w/ 2% cheese, & soy
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<Median=1 p?)ﬁ':{ysca(li) quintile <Median=1 milk™ 0-10
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Sweets or Soda'” Sweets” (10 beverages”™ | Added Sugar”’ Beverages & | alcoholic bevs &
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>2,238mg for
K®=1
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: Alternate Mediterranean ] i
Italian A . Diet Score . Alternative Healthy
Index/Score | Mediterranean Mggol?leet Dlel\t/lgcsore (modified Norﬁ:gelj(ood DASH Score DASH Score DASH Score DASH Score Fssgosrggnreen(%e,:ds) HEI (AHEI) Eating Index
(Reference) Index s Tri(ch ? ) MDS) (ymo. 5013 | (Gunther, 2009) | (Fung, 2008) (Dixon, 2007) | (Mellen, 2008) o 2000) (McCullough, (HEN)-2005
(Agnoli, 2013) (a ) ( S (Trichopolou, oI ' 2002) (Guenther, 2006)
(Fung, 2006) 2013) e
)
Article(s) | Agnoli, 2013 | Fung, 2010 | Poubeni2012: 1 g o o013 Kyro, 2013 Miller, 2013 LT, 210010 Miller, 2013 Miller, 2013 | Mai, 2005 Reedy, | poqoqy 2008 201? ?egiié
gnof, 9 Reedy, 2008 ’ yro, ’ Miller, 2013 ’ ’ 2008 y: 008 e
Component Total Score: 0 Total Score: Total Score: 0 | Total Score: 0 | Total Score: 0 | Total Score: 0 | Total Score: 8 to | Total Score: 0 | Total Score: 0 Total Score: Total Score: 0 Total Score: 0
P to 11 0to 9 to 9 to 9 to 6 to 80 40 to9 to9 0 to 23* to 110 to 100
1-5 0-10 0-10
Sodium High to Low Highest to Highest to 5
quintile” Lowest decile!” [ Lowest decile
Per 1,000
Calories:
>2N?§’I)‘§1f,°r Trans FA”) %
Other _' energy 0-10
>5C9§'1’)1§lf_°r >4 t0 <0.5

components; “™Positive in moderation

*Includes 100% juice; ‘Includes all forms except juice; 'Includes legumes only after meat & beans standard is met; ' 'Includes non-hydrogenated vegetables oils and oils in fish, nuts and seeds. "’Positive components;
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Factor Analysis and Principal Component Analysis

Nine of the studies included in this review assessed dietary patterns using factor or principal
component analysis (Butler, 2008; Dixon, 2004; Engeset, 2009; Flood, 2008; Fung, 2003;
Kesse, 2006; Kim, 2005; Terry, 2001; Wu, 2004) and one used cluster analysis (Wirfalt,
2009). These studies were conducted using participants from nine different cohorts:
Singapore Chinese Health Study, Alpha-Tocopherol Beta-Carotene Cancer Prevention Study
(ATBC), the Netherlands Cohort Study (NLCS), the Swedish Mammography Cohort (SMC),
NIH-AARP, NHS, EPIC, HPFS and Japan Public Health Center (JPHC) Study Cohort 1.

Studies were conducted in the United States (Flood, 2008; Fung, 2003; Wu, 2004; Wirfalt,
2009); France (Kesse, 2006); Japan (Kim, 2005); Singapore (Butler, 2008); Sweden (Terry,
2001); Norway (Engeset, 2009); and Finland, Netherlands, Sweden (Dixon, 2004).

Sample size of the cohorts examined ranged from 4,295 to 492,382 participants. One article
examined participants from three studies with sample sizes ranging from 4,295 to 61,463
(Dixon, 2004). For the remaining articles, seven had sample sizes between 30,000 and
100,000 (Butler, 2008; Engeset, 2009; Fung, 2003; Kesse, 2006; Kim, 2005; Terry, 2001; Wu,
2004) and one enrolled more than 400,000 (Flood, 2008; Wirfalt, 2009). In addition, the
number of incident colorectal cancer cases identified ranged from 172 to 3,110 cases.

Articles used data from generally healthy adult men and women without a previous diagnosis
of cancer. Several articles excluded participants for additional conditions including end-stage
renal disease (Flood, 2008;Wirfalt, 2009); familial polyposis or irritable bowel syndrome
(Kesse, 2006); ischemic heart disease, cerebrovascular disease or liver disease (Kim, 2005);
and ulcerative colitis (Wu, 2004). Three studies enrolled only females (Fung, 2003; Kesse,
2006; Terry, 2001); one enrolled only males (Wu, 2004), with the remainder enrolling
approximately even proportions of males and females. The age of enrolled participants
ranged from 30 years to 74 years with a mean of approximately 45 years to 55 years old.
Reported education levels obtained by participants ranged from 4.6% to 41% with college
degrees/post-secondary education. One article included 28% of participants with no formal
education (Butler, 2008). In all articles, dietary intake was assessed using a validated FFQ.
Only two articles assessed diet with cumulative average of multiple FFQs (Fung, 2003; Wu,
2004).

The dietary patterns that were identified in this group of studies are described in Table 2.

Table 2. Summary of dietary patterns identified using factor, cluster, principal
component analysis.
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Table 2. Summary of dietary patterns identified using factor, cluster, principal component analysis

Study Dietary Patterns

Butler, 2008 | “Vegetable—fruit—soy”: Vegetable, fruit, and soy foods

“Meat—dim sum”: Chicken, pork, fish, rice and noodle dishes, and preserved foods
Dixon, 2004 | "Vegetables”: Vegetables and legumes, citrus fruit and berries, pasta and rice, poultry
and fish, and oil and salad dressings

"Pork, Processed Meats, Potatoes (PPP)”": Pork, processed meats, potatoes, and

coffee

Engeset, "Traditional fish eaters”: Fish

2009
"Healthy”: Skimmed milk, yogurt, juice, cereals, rice, chicken, fruit, cod liver olil
"Average, less fish, less healthy”: No dominant groups, but low intake of fish, cod liver
oil, vegetables, juice, course bread
"Western”: Meat products, bakery products, desserts and chocolate, pizza, rice, pasta
"Traditional bread eaters”: Traditional Norway foods (milk, course bread, jam, cheese,
fat on bread)
"Alcohol users”: Beer, wine, and liqguor were dominant

Flood, 2008 | "Fruit and vegetable”: Green leafy vegetables, red/orange vegetables, citrus fruits,
melons
"Fat-reduced and diet foods”: Skim milk, poultry, deli meats, diet/low fat versions of
foods such as crackers, cookies, condiments/dressings
"Meat and potatoes”: Gravy, meat loaf, beef stew, French fries, pork/bacon, hot
dogs/sausage, biscuits, macaroni, hamburger

Fung, 2003 "Prudent”: Higher intake of fruits, vegetables, legumes, fish, poultry, and whole grains

"Western”: Higher intakes of red and processed meats, sweets and desserts, French
fries, and refined grains

Kesse, 2006 | "Healthy”: High: Raw vegetables, cooked vegetables, legumes, fruits, yogurt, fresh
cheese, breakfast cereal, sea food, eggs, vegetable oils, and olive oil; Low: sweets

"Western”: High: Potatoes, pizza, sandwiches, legumes, sweets, cakes, cheese, pasta,
rice, bread, processed meat, eggs, and butter

"Drinker”: High: Sandwiches, snacks, coffee, processed meat, sea food, wine, alcohol;
Low: Fruits, soup

"Meat eaters”: High: Potatoes, legumes, coffee, meat, poultry, vegetable oils, and
margarine; Low: Tea, breakfast cereal, and olive ol

Kim, 2005 "Healthy”: Vegetables (yellow, white green), fruits, seaweed, potatoes, yogurt,
mushroom, soy and soy products, milk, eggs, beans, fish and shellfish, mayonnaise,
pickled vegetables (males only), dried fishes (males only)

"Traditional”: Salted roe, pickled vegetables, dried fishes, salted gut, miso soup, rice,
fish and shell fish, sake (males only), shochu (males only), beer (males only); negatively
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Study Dietary Patterns

associated with dressing (females only), cheese (females only), butter, and bread.

"Western”: Beans (males only), salted roe (females only), salted gut (females only),
beer (males only), dressing, bread, butter, mayonnaise, cheese, beef, pork, poultry,
bacon, liver, soda beverages, fruit juice, vegetable juice, instant noodles, coffee, black
tea, noodles (males only)

Terry, 2001

"Healthy”: Fruit, vegetables, fish & poultry, cereal & whole grains breads, eggs,
margarine, meats, fruit juice and low-fat dairy products; low intake of sweets

"Western”: Processed & red meats, soda & sweets, refined breads and potatoes, and
high-fat dairy products, whole grains, eggs

"Drinker”: Fish and poultry, whole grains, eggs, meats, snack foods, wine, beer, and
spirits; low intakes of low-fat dairy, margarine, potatoes

Wirfalt, 2009

Men and Women:

"Many foods”: CA did not indicate any specific distinguishing food, but intakes of alcohol
and sweets ranked comparatively high

"Vegetable and fruit”: High intakes of vegetables, fruits, pasta, and low-fat foods like
fish and lean chicken. This pattern was lowest in fat and the densest in micro-nutrients

Men only:
"Fatty meats”: Beef stew, fried chicken, processed meats, gravy, roast beef, sausage

"Fat-reduced foods”: Fat-reduced foods (but not lean meats, skim milk, non-fat cheese,
non-fat salad dressing, low-fat crackers, frozen yogurt

Women only:

"Diet foods and lean meats”: Chicken, sandwich, cold cuts, diet margarine, diet
dressings/condiments, lean versions of meats

Wu, 2004

"Prudent pattern”: Vegetables, legumes, fruit, whole grains, fish and poultry, salad
dressing, fruit juice, low-fat dairy, potatoes, nuts

"Western pattern”: Red meat, processed meat, refined grains, French fries, high-fat
dairy products, sweets and desserts, snacks, mayonnaise, butter, potatoes, coffee, beer,
cream soups, nuts, high-sugar drinks, and eggs
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Other Methods

Three additional articles were included in this review that used other methods to determine
dietary patterns.

Reduced Rank Regression

One study used reduced rank regression (RRR) to identify a dietary pattern (Fung, 2012).
This study was conducted in the United States with the NHS cohort of 66,174 female
participants. Participants were generally healthy and excluded from analysis for a history of
cancer. Age ranged from 30 years to 55 years old. Race and socioeconomic status (SES)
were not reported. The study used the C-peptide dietary pattern, with higher intakes of meat,
fish and sweetened beverages and lower intakes of coffee, high-fat dairy and whole grains.

Vegetarian vs. Non-Vegetarian

Vegetarian and non-vegetarian dietary patterns were examined in one article (Key, 2009).
This study was conducted in the United Kingdom with subjects from the EPIC-Oxford cohort
of 52,706 participants who were generally healthy with no history of cancer at baseline.
Participants were predominately female (77%) and aged 47 years (20 years to 89 years).
Race and SES were not reported. Participants reported similar intakes of milk, cheese,
vegetables and fresh fruit, and the following intake patterns of animal products:

e Vegetarians: Reported consumption of eggs and dairy, but not meat and fish; vegans
reporting no consumption of meat, fish, eggs and dairy

¢ Non-vegetarians: Reported consumption of meat and fish

¢ Meat eaters: Reported meat consumption

e Fish eaters: Reported fish consumption, but no meat consumption.

Low-Fat Dietary Pattern

One article assessed colorectal cancer risk and a low-fat, high-fruit and high-vegetable dietary
pattern using data from a behavioral intervention compared to usual diet (Beresford, 2006).
The trial was not specifically designed to test the effects of dietary patterns on colorectal
cancer risk. This study was conducted in the United States with 46,755 female participants
from the Women'’s Health Initiative Dietary Modification Trial. These women were
postmenopausal, aged 50 years to 79 years, with no prior history of cancer within the last 10
years, no conditions that contraindicated a high-fiber diet, no history of diabetes and no
medical conditions with a predicted survival of less than three years. Participants were 81%
non-Hispanic white, 11% non-Hispanic black, and 4% Hispanic. More than 75% of the sample
had some post-high school education and 38% had a college degree. Incident colorectal
cancer was a prespecified trial outcome. All colorectal cancer outcomes were confirmed with
medical records and study physician adjudication.

The Intervention diet was comprised of a total of 20% of energy intake from fat, five or more
daily servings of fruits and vegetables, and six or more daily servings of grains.

Colorectal Cancer Outcomes

Index and Score Analysis

All articles examined risk of developing colorectal cancer as a primary outcome of interest.
Duration of follow up ranged from an average of approximately five years to 26 years. Case
ascertainment methods included linkage with state and regional registries (Agnoli, 2013;
Bamia, 2013; Doubeni, 2012; Jarvandi, 2013; Kyro, 2013; Miller, 2013; Reedy, 2008), a
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combination of self-report and registry data (Mai, 2005) and self-report with medical record
follow up (Fung, 2010).

Factor, Cluster and Principle Component Analysis

All articles examined risk of developing colorectal cancer as a primary outcome of interest.
Duration of follow up ranged from an average of approximately six years to 14 years. Case
ascertainment methods included linkage with state and regional registries (Butler, 2008;
Engeset, 2009; Flood, 2008; Kim, 2005; Terry, 2001), self-report with medical record follow up
(Fung, 2003; Wu, 2004) and only self-report data (Kesse, 2006).

Reduced Rank Regression

Fung, 2012 followed participants for an average of approximately 20 years, and measured
incidence of colorectal cancer as a primary outcome of interest using self-report data and
medical record follow up.

Other Methods

Beresford, 2006 and Key, 2009 examined risk of developing colorectal cancer as a primary
outcome of interest. Duration of follow up was approximately eight years for both articles. Case
ascertainment methods included linkage with state and regional registries (Key, 2009) and
self-report with medical records confirmation of all cases (Beresford, 2006).

Evidence Synthesis

Epidemiologic and clinical research utilizing various techniques to assess dietary patterns and
risk of cancer is a recent strategy applied to a growing number of large studies. Yet we
recognize that the optimal approach for defining dietary patterns, assigning weighted value to
specific components and integration of critical covariables remains an active area of research.
We identified 22 articles (from 12 cohorts and one RCT) for inclusion in this review. Dietary
patterns were defined using various approaches, making interpretation difficult within and
between articles. However, despite variation in this body of evidence, some protective dietary
patterns emerged, particularly in articles where patterns were defined by index or score.

Type of Dietary Patterns and Colorectal Cancer Risk

The two main dietary pattern approaches used were indices and scores and data-driven
methods (primarily principal component analysis). When looking at the relationship between
dietary patterns and colorectal cancer, findings (Table 3) were more consistent for the index-
based patterns compared to the data-driven patterns. Additionally, results from articles using
other methods (i.e., RRR, an RCT of a low-fat diet, reported animal product intake) also
tended to be heterogeneous, and in many articles, relationships varied by gender and cancer
location. For those articles with significant associations between dietary patterns and
colorectal cancer, most were in the same direction with similar modest magnitudes of effect
that generally supported a protective association for diets with certain characteristics. And,
while the food groups included in patterns often varied across articles and dietary intake
assessment methods, some consistencies emerged. Fruits, vegetables, fish and seafood,
legumes and whole grains were fairly consistently included as aspects of protective patterns,
while components such as low-fat dairy, unsaturated fatty acid intake and ratios and moderate
alcohol intake were inconsistently included in patterns as protective food groups. Conversely,
fatty, red and processed meats; potatoes and French fries; and sodas, sweets and added
sugar were fairly consistently included in patterns associated with greater risk. Components
such as high-fat dairy, refined grains, saturated fatty acid intake and ratios and high alcohol
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intake were inconsistently included in patterns associated with greater risk.

Studies Using Indices and Scores Approaches

In the nine articles that used indices or scores to assess dietary patterns (Agnoli, 2013;
Bamia, 2013; Doubeni, 2012; Fung, 2010; Jarvandi, 2013; Kyro, 2013; Mai, 2005; Miller,
2013; Reedy, 2008), 12 different indices and scores were used (Table 1). Indices and scores
measured adherence to Mediterranean dietary patterns (Agnoli, 2013; Bamia, 2013; Doubeni,
2012; Fung, 2010; Reedy, 2008), patterns consistent with the DASH diet (Fung, 2010; Miller,
2013) or patterns consistent with dietary recommendations, such as the Dietary Guidelines for
Americans patterns or Nordic recommendations (Jarvandi, 2013; Kyon, 2013; Mai, 2005;
Reedy, 2008). In general, these patterns are characterized by higher intakes of fruits,
vegetables, legumes, whole grains, lean meats and seafood, low-fat dairy, moderate alcohol
consumption and lower intakes of red and processed meats, saturated fat and sodas and
sweets.

Greater adherence to the various dietary patterns examined using indices and scores was
associated with reduced risk for colorectal cancer in eight of nine articles (Agnoli, 2013;
Bamia, 2013; Doubeni, 2012; Fung, 2010; Jarvandi, 2013; Kyro, 2013; Miller, 2013; Reedy,
2008). However, five articles reported some null findings when examining gender and cancer
location subgroups, which will be discussed below (Fung, 2010; Kyro, 2013; Mia, 2005; Miller,
2013; Reedy, 2008). Most importantly, none of the articles showed an increased risk of
colorectal cancer with higher adherence to the examined patterns. While some findings were
mixed, likely related to variations in the strategies to define dietary patterns, the majority of
articles suggested some inverse associations between dietary patterns higher in fruits,
vegetables, legumes, whole grains, lean meats and seafood, low-fat dairy and moderate in
alcohol and lower in red and processed meats, saturated fat and sodas and sweets.

Studies Using Data-Driven Approaches

Data-driven approaches were used to determine dietary patterns in 10 articles (Table 2). Nine
used factor/principal component analysis (Butler, 2008; Dixon, 2004; Engeset, 2009; Flood,
2008; Fung, 2003; Kesse, 2006; Kim, 2005; Terry, 2001; Wu, 2004) and one used cluster
analysis (Wirfalt, 2009). Two primary types of patterns were found. One group of similar
patterns, which were generally more consistent with current dietary recommendations, were
sometimes labeled as “Healthy,” “Prudent” or “Fruit/Vegetable” and characterized by more
fruits, vegetables, whole grains, fish and seafood, poultry and low-fat dairy. While another
series of patterns, less consistent with guidelines, were sometimes labeled as “Western,”
“Fatty Meat,” “Alcohol Drinker” or “Meat and Potatoes,” and often included more fatty, red and
processed meats; potatoes and French fries; soda and sweets; high-fat dairy; and in some
cases, high intake of alcoholic beverages. Articles also examined other dietary patterns
including “Traditional Foods” patterns (Engeset, 2009; Wirfalt, 2009), and “Fat-reduced/Diet
Foods” (Flood, 2008; Wirfalt, 2009).

Articles that used data-driven approaches to determine dietary patterns and their relationship
with overall colorectal cancer risk reported a few significant findings. Two articles found
consumption patterns labeled as “Fruits and Vegetables” to be associated with reduced
colorectal cancer risk (Flood, 2008; Wirfalt, 2009), while five articles found patterns labeled as
“Western”; “Meat Eaters”; “Meat and Potatoes”; and “Pork, Processed Meat, and Potatoes”
were associated with increased colorectal cancer risk (Dixon, 2004; Flood, 2008; Fung, 2003;
Kesse, 2006; Kim, 2005). No overall associations with total colorectal cancer risk were seen

with a “Traditional Foods” pattern (Engeset, 2009; Kim, 2005). “Fat-reduced/Diet Foods”
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patterns articles were split, with one showing an association with reduced risk (Flood, 2008)
and both showing some null findings with colorectal cancer risk (Flood, 2008; Wirfalt, 2009).
Several of the articles reported null results in subgroup analyses. However, it is important to
note that none of the articles reported contradictory findings such as increased cancer risk
with diets more consistent with current dietary guidance.

Other Dietary Pattern Approaches

Interesting findings were seen in articles using other methods to determine dietary patterns.
However, due to the small number of articles and diverse methodology, it is difficult to draw
conclusions from this group of articles.

One article used RRR to define a dietary pattern that explains between-participant variation in
serum C-peptide concentration, which is a biomarker that has been associated with increased
colorectal cancer risk (Fung, 2012). The C-peptide pattern consisted of higher intakes of
meat, fish and sweetened beverages, but lower intakes of coffee, high-fat dairy and whole
grains, and was associated with increased colorectal cancer risk. This article assessed a
dietary pattern shown to predict a biomarker associated with cancer risk and is among few
non-index and score articles to find significant associations with colorectal cancer risk,
offering a promising approach for future exploration.

An article in England defined dietary patterns by participants’ report of animal product
consumption and found that a vegetarian pattern was associated with greater risk for
colorectal cancer compared to non-vegetarians or meat eaters, yet both groups had
significantly lower than national colorectal cancer rates (Key, 2009). This finding is counter to
many of the other studies included in this systematic review. In the same report, the overall
cancer risk was lower among vegetarians than among meat eaters. Regardless, more
research is needed to investigate this finding further within the English population.

The Women'’s Health Initiative employed an RCT design to test a dietary intervention with the
goal of achieving 20% calories from fat, five or more daily servings of fruits and vegetables
and six or more daily servings of grains (Beresford, 2006). Trial adherence was lower than the
study design goals, but still the differences in dietary intake were significant (three-year data
shows 36% vs. 27% of fat kcal and 5.2 vs. 3.9 servings of fruits and vegetables per day for
the intervention vs. comparison groups respectively). However, no significant associations
between the intervention and comparison group emerged for invasive colorectal cancer risk
over eight years of follow up (Beresford, 2006). The lack of a strong or significant intervention
effect may have been due to the less than projected adherence rates for the trial (70%
adherence) or perhaps the relevant time exposure period is earlier in life, which could not be
tested in this trial.

Gender Differences in Colorectal Cancer Risk

Gender differences were seen in colorectal cancer risk between and within articles for the
index and score and data-driven articles. The articles using other methods of determining or
assessing dietary patterns only enrolled one gender and so did not perform gender subgroup
analysis.

Seven articles that used indices and scores examined colorectal cancer risk separately for
men and women (Agnoli, 2013; Bamia, 2013; Fung, 2010; Jarvandi, 2013; Kyro, 2013; Miller,
2013; Reedy, 2008). Five found adherence to dietary patterns to be associated with colorectal
cancer risk in only one gender (Bamia, 2013; Fung, 2010; Kyro, 2013; Miller, 2013; Reedy,
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2008). Additionally, differences between articles were seen such as Bamia, 2013 who found a
Mediterranean diet to be protective only for women, while Reedy, 2008 found a
Mediterranean diet was protective only for men. Components of patterns differed somewhat
and lower statistical power for subgroup analysis may help explain some of these findings.
Although inconsistencies existed, as a whole, Mediterranean, DASH and HEI-2005 dietary
patterns were, protective for both genders.

Four studies that used data-driven methods examined colorectal cancer risk separately for
men and women (Dixon, 2004; Flood, 2008; Kim, 2005; Wirfalt, 2009). While one study found
no association in total colorectal cancer risk in men or women (Kim, 2005), two found patterns
consistent with current dietary guidelines to be associated with reduced risk in men, but not
women (Flood, 2008; Wirfalt, 2009). Additionally, two studies found patterns high in fatty
meats to be associated with increased total colorectal cancer risk in women only (Dixon,
2004; Flood, 2008), and one found a “Fat-reduced/Diet Foods” pattern reduced risk in men
only (Flood, 2008). However, another study found no association with risk for both men and
women consuming a pattern high in fatty meats or a “Fat-reduced/Diet Foods” pattern (Wirfalt,
2009). Men and women may exhibit physiologic/hormonal, lifestyle and reporting differences
that differentially impact the association between dietary patterns and colorectal cancer risk,
and more research is needed to investigate gender subgroups.

Colorectal Tumor Location and Type and Dietary Patterns

Cancer risk in the proximal and distal colon or rectum may not be uniform and thus the
interactions between diet, the microbiome and other risk factors should be addressed relative
to location and histopathologic features when statistical power is sufficient to do so. A number
of articles examined whether risk of colorectal cancer by location and stage was related to
dietary patterns. Eleven articles examined cancers of the proximal colon (ascending and
transverse colons), distal colon (descending and sigmoid colons) and rectum (Agnoli, 2013;
Bamia, 2013; Beresford, 2006; Engeset, 2009; Flood, 2008; Jarvandi, 2013; Kim, 2005; Kyro,
2013; Reedy, 2008; Terry, 2001; Wu, 2004), four examined total colon and rectal cancers
(Dixon, 2004; Fung, 2010; Fung, 2012; Wirfalt, 2009) and one article compared localized and
advanced cancer (Butler, 2008). The majority of significant findings relative to diet were
reported for distal colon and rectal cancers as opposed to proximal colon cancers, and no
significant findings were seen when examining localized vs. advanced tumors. Though there
were fewer articles examining distal colon and rectal cancers specifically, results were in the
same direction and of similar magnitude as the findings for total colorectal cancer risk and
generally supported a protective association between dietary patterns high in fruits,
vegetables, fish and seafood, legumes, low-fat dairy and whole grains and cancer risk. The
impact of dietary patterns and specific foods or nutrients on colon and rectal carcinogenesis in
various anatomical regions likely represents a complex interaction between the microbiome,
host genetics and other risk factors including diet. The anatomical shift in cancer patterns
from the left side to the right in recent decades suggests a role for dietary patterns in this
process and warrants additional research. In future studies it would also be important to
carefully consider colorectal cancer screening practices when interpreting results to confirm
that the stronger associations for distal tumors are biologically driven and not a screening
bias. In populations, particularly the earlier studies, where sigmoidoscopy (vs. colonoscopy) is
the predominant screening practice more tumors will be detected in the distal colon since that
is the anatomic area being screened.

Individual Components of the Dietary Pattern and Colorectal Cancer Risk

Within the articles examining dietary patterns and colorectal cancer, several further examined
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data for specific food items contributing to observed relationships. Three articles examined
individual food and beverage contributors to cancer risk by analyzing the relationship between
individual components of dietary patterns and colorectal cancer risk, while controlling for the
rest of the dietary pattern (Bamia, 2013; Miller, 2013; Reedy, 2008). Overall, for men and
women, few individual contributors to cancer risk were found. All three articles agreed that
dairy intake was associated with reduced colorectal cancer risk. One article (Miller, 2013), but
not another (Reedy, 2008), found whole grain intake was associated with reduced risk. Fish
intake was associated with reduced risk in one article (Bamia, 2013), but not another (Reedy,
2008). Additionally, two articles found meat intake was associated with increased colorectal
cancer risk (Miller, 2013; Reedy, 2008) while one found no association (Bamia, 2013). One
article found alcohol intake was associated with increased risk (Miller, 2013) while two found
no association (Bamia, 2013; Reedy, 2008). No consistent associations with colorectal cancer
risk were seen for specific fruits, vegetables, legumes, lipids or lipid ratios, sweets and SSBs
or SoFAS (calories from solid fat and added sugar), although some significant findings were
seen with specific indices or gender subgroups for legumes (Bamia, 2013; Miller, 2013) and
fruits and vegetables (Reedy, 2008). Few of the dietary pattern articles explored individual
contributors to colorectal cancer risk, and though some consistent significant findings were
seen for food groups like dairy and meat, mostly null findings were reported in these three
articles.

Generalizability to the US Population

Twelve of the articles included in this systematic review used data from large US-based
cohorts (NIH-AARP, NHS, HPFS, Breast Cancer demonstration project, WHI). However, little
information was available to assess risk in racial/ethnic and SES subgroups, making it difficult
to determine if the results would apply to specific subgroups within the US population.
Additional demographic data and analysis by racial/SES subgroups is needed in order to
improve ability to generalize findings across diverse populations.

Limitations

The reviewed articles have several limitations. The number of articles examining dietary
patterns remains modest and the methodological and statistical strategies for defining dietary
patterns are still early in development. A variety of dietary assessment tools were used, and
while the tools were validated, few were originally designed to assess these dietary patterns,
and the majority of articles employed only baseline measures of diet when determining dietary
patterns. Also, follow up durations varied across articles and articles addressed different
gender and age groups. While interesting findings emerged for some subgroups, based on
gender and cancer location, little evidence was available to understand SES, ethnic/racial or
cancer stage-specific findings. Additionally, the vast majority of evidence was driven by
participants from a handful of cohorts (EPIC, NIH-AARP, HPFS, NHS), which may introduce
the possibility of publication bias based on number of publications per cohort study.

Research recommendations

In order to better assess the relationship between dietary patterns and risk of developing
colorectal cancer, additional research is needed to:

¢ Improve and validate novel epidemiologic tools for the accurate assessment of dietary
patterns throughout the life cycle

e Improve statistical approaches for defining different dietary patterns such that patterns
can be more consistently identified, scored and compared across articles
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Establish cohort studies that start earlier in life in order to capture dietary patterns
contributing to risk of colorectal cancer risk later in life

Examine the impact of gender, SES and ethnic/racial groups in regards to dietary
patterns and colorectal cancer

Examine dietary patterns in context of physical activity and sedentary behaviors
Continue to explore the role of energy balance and obesity (including patterns of
weight change throughout the life cycle) and anthropometrics in colorectal cancer risk
Assess associations of dietary patterns by sub-types of colorectal cancer defined by
location within the colon, cancer genetics and other histopathologic characteristics
Continue to define the role of specific nutrients, phytochemicals and foods that may
individually or in combination during various stages of the life cycle, impact the risk of
prostate cancer.

Search plan and results
Inclusion criteria

Human subjects

Subject populations from countries with high or very high human development,
according to the 2012 Human Development Index[1]

Children, adolescents and adults aged two years and older

Subjects who were healthy or at elevated chronic disease risk

Randomized or non-randomized controlled trial, prospective cohort study or a nested
case-control study

Intervention studies with a dropout rate of 20% and a differential dropout rate of 15%
between groups

The intervention or exposure was adherence to a dietary pattern [e.g., a priori patterns
(indices/scores), data driven patterns (factor or cluster analysis), reduced rank
regression or patterns derived from other methods [Dietary Approaches to Stop
Hypertension (DASH), vegetarian]

A description of the dietary pattern(s) (i.e., foods and beverages) consumed by
subjects was provided

The comparator was different levels of adherence to a dietary pattern or adherence to
a different dietary pattern

The outcome was incidence of colorectal, breast, prostate or lung cancer.

In addition, articles were included if they were published in English in a peer-reviewed
journal between January 2000 and January 2014. If an author is included on more
than one primary research article that is similar in content, the paper with the most
pertinent data and endpoints was included. If data and endpoints from both papers are
appropriate, it was made clear that results are from the same intervention.

[1] United Nations Development Programme. Human Development Report 2013, The
Rise of the South: Human Progress in a Diverse World 2013. Available from:
http://hdr.undp.org/sites/default/files/reports/14/hdr2013 _en_complete.pdf.

Exclusion criteria

Animals and in vitro models

Subject populations from countries with medium or low human development,
according to the Human Development Index

Children under the age of two years

Subjects who were hospitalized, diagnosed with disease and receiving medical
treatment
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e Study types including:
o Systematic review
Meta-analysis
Narrative review
Before and after
Uncontrolled
Cross-sectional
Case-control
o Ecological design.
o Articles were excluded if they were:
o Not published in English
o Published before January 2000

O O O O O O

o Not published in peer-reviewed journals (e.g., websites, magazine articles,

Federal reports).

¢ If an author was included on more than one review article or primary research article
similar in content, the paper with the most pertinent data and endpoints was included

and others were excluded.

Analytic framework

Analytical Framework: Dietary Patterns and Cancer

Target Population
Children and adults (2y+), healthy and at risk for chronic disease

{Literature will be examined by age group, sex, race/ethnicity, and geographic
location as appropriate. Age/lifestage groups of interest include children,
adolescents, adults, including pregnant, lactating, and peri-postmenopausal
women, and older adults}

l

Intervention/Exposure
Adherence to a dietary pattern (e.g., a priori patterns
(indices/scores), data driven patterns (factor or cluster analysis),
reduced rank regression, or patterns derived from other methods
(DASH, vegetarian))
Comparator

Different levels of adherence to a dietary pattern; Adherenceto a

different dietary pattern

|

Endpoint Health Outcomes
*Incidence of breast cancer
*Incidence of colorectal cancer "’
*Incidence of prostate cancer
*Incidence of lung cancer

Key Definitions:

*Dietary patterns: The quantities,
proportions, variety, or combination
of different foods, drinks, and
nutrients (when available) in diets,
and the frequency with which they
are habitually consumed.

Potential Confounders
*Total energy intake
*BMI

*Sex

*Age

*Smoking

*Alcohol intake

*Physical activity

*SES

*Race/ethnicity

*Family history

*Genetics
*ERT

*Cx screening

Systematic Review Questions:

*What is the relationship between dietary patterns and risk of breast cancer?
*What is the relationship between dietary patterns and risk of colorectal cancer?
*What is the relationship between dietary patterns and risk of prostate cancer?
*What is the relationship between dietary patterns and risk of lung cancer?

Search terms and electronic databases used
e PubMed
o Date(s) Searched: January 2014
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o Search Terms: (“diet quality” OR dietary pattern* OR diet pattern* OR
eating pattern* OR food pattern* OR eating habit* OR dietary habit* OR
food habit* OR dietary profile* OR food profile* OR diet profile* OR
eating profile* OR dietary guideline* OR dietary recommendation* OR
food intake pattern* OR dietary intake pattern* OR diet pattern* OR
eating style*) OR

(DASH{[ti] OR DASH][tw] OR ("dietary approaches"[ti]] AND
hypertension[ti]) OR "Diet, Mediterranean"[Mesh] OR Mediterranean [ti]
OR vegan* OR vegetarian* OR "Diet, Vegetarian"[Mesh] OR “prudent
diet” OR “western diet” OR nordiet OR omni[ti] OR omniheart[tiab] OR
(Optimal Macronutrient Intake Trial to Prevent Heart Disease) OR
((Okinawa™* OR "Ethnic Groups"[Mesh] OR “plant based” OR
Mediterranean[tiab]OR Nordic[tiab] OR "heart healthy"[tiab] OR indo-
mediterranean) AND (dietfmh] OR diet[tiab] OR food[mh]))) OR

("Guideline Adherence"[Mesh] AND (diet OR food OR eating OR eat OR
dietary OR feeding OR nutrition OR nutrient*)) OR (adherence AND
(nutrient* OR nutrition OR diet OR dietary OR food OR eat OR eating)
AND (guideline* OR guidance OR recommendation*)) OR

(dietary score* OR adequacy index* OR kidmed OR Diet Quality Index*
OR Food Score* OR Diet Score* OR MedDietScore OR Dietary Pattern
Score* OR “healthy eating index”) OR

((index*[ti] OR score*[ti] OR indexes OR scoring]ti] OR indicesJti]) AND
(dietary[ti] OR nutrient*[ti] OR eating[tiab] OR food[ti] OR food[mh] OR
diet[ti] OR diet[mh]) AND (pattern* OR habit* OR profile*)) Eng/hum AND
("Study Characteristics" [Publication Type] OR “clinical trial”[ptyp] OR
"Epidemiologic Studies"[Mesh] OR "Support of Research”[ptyp]) NOT
(editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR

review[ptyp])
AND

"Colorectal Neoplasms"[mesh] OR "polyps"[MeSH Terms] OR "lung
neoplasms"[MeSH Terms] OR "Prostatic Neoplasms"[Mesh] OR "Breast
Neoplasms"[Mesh] OR ((cancer[tiab] OR cancers[tiab] OR
cancerous[tiab] OR neoplasm*[tiab] OR carcinogen*[tiab] OR
"Carcinogens”[Mesh] OR tumor[tiab] OR tumors[tiab] OR tumour*[tiab]
OR carcinoma*[tiab] OR adenocarcinoma*[tiab] OR sarcoma*[tiab] OR
metastasis[tiab] OR metastases|tiab] OR polyp*[ti]) AND (colonic*[tiab]
OR colon[tiab] OR colorect*[tiab] Or rectal OR rectum OR breast*[tiab]
OR mammary[tiab] OR prostate*[tiab] OR prostatic[tiab] OR lung]tiab])).

e Cochrane
o Date(s) Searched: January 2014

o Search Terms: '("diet quality” OR (dietary NEXT guideline*) OR (dietary

65
Archived from www.NEL.gov on March 21, 2017


http://www.nel.gov/

Systematic Reviews of the Dietary Patterns, Food and Nutrients Subcommittee, 2015 DGAC

NEXT recommendation*) OR ((food OR eating OR diet OR dietary)
NEAR/3 (pattern OR profile OR habit)) OR (eating NEXT style*) OR
("dietary approaches to stop hypertension” OR vegan* OR vegetarian*
OR "prudent diet" OR "western diet" OR nordiet OR "Nordic diet" OR
omniheart OR "Optimal Macronutrient Intake Trial to Prevent Heart
Disease" OR ((asia* OR western OR Okinawa* OR "plant based"” OR
Mediterranean OR DASH) AND (diet* OR food))) OR ((Index OR score
OR indices OR scoring) NEAR/3 (dietary OR diet OR food OR eating))
OR "adequacy index" OR kidmed OR MedDietScore) in Title, Abstract,
Keywords and ((neoplasm* OR cancer* OR carcinogen* OR tumor* OR
tumour* OR carcinoma* OR adenocarcinoma*) AND (colonic* OR
colorect* OR rectal* OR rectum OR breast* OR mammar* OR prostate*
OR prostatic)) in Title, Abstract, Keywords not pubmed in Trials'.

e Embase
o Date(s) Searched: January 2014

o Search Terms: (MedDietScore OR adequacy index* OR kidmed OR
‘healthy eating index”) OR ((index OR score OR scoring) NEAR/3 (‘diet
quality' OR dietary OR nutrient* OR eating OR food OR dieti)):ti, ab OR

(‘diet quality’ OR 'eating habit/exp OR 'Mediterranean diet'/exp OR
nordiet:ti, ab OR ‘nordic diet’:ti, ab OR DASH:ti, ab OR ‘dietary
approaches to stop hypertension’:ti, ab OR vegan*:ab, ti OR
vegetarian*:ab, ti OR 'vegetarian diet'/exp OR ‘vegetarian'/exp OR
‘prudent diet’:ti, ab OR ‘western diet’:ti, ab OR omniheart:ti, ab OR
omni:ti OR ‘plant based diet’) OR ((dietary OR eating OR food OR diet)
NEAR/2 (pattern? OR habit? OR profile? OR recommendation? OR
guideline?)) OR ((‘ethnic, racial and religious groups'/exp or Okinawa*
OR ‘'mediterranean’) AND (diet/exp OR eating/exp OR ‘food intake'/de))

AND

((cancer*:ab, ti OR tumor*:ab, ti OR tumour*:ab, ti OR 'neoplasm'/exp OR
neoplasm*:ab, ti OR carcinogen*:ab, ti OR 'carcinogen'/exp OR
‘carcinoma’/exp OR carcinoma*:ab, ti OR adenocarcinoma*:ab, ti OR
metastas*s:ab, ti OR sarcoma*:ab, ti) AND (colonic*:ti, ab OR colorect*:ti,
ab OR rectal OR rectum OR breast*:ti, ab OR mammar*:ti, ab OR
prostate*:ti, ab OR prostatic:ti, ab OR lung*:ti, ab)) OR (‘breast
tumor'/exp OR 'prostate cancer'/exp OR 'colon tumor'/exp OR 'lung
cancer'/exp).

e Naviagator (Food Science & Technology Abstracts/BIOSIS/CAB Abstracts)
o Date(s) Searched: January 2014

o Search Terms: (MedDietScore or "adequacy index" or kidmed or ((index
or score) near/2 (("diet quality") or dietary or nutrient* or eating or food or
diet)) or ((Diet or dietary or eating or food) near/2 (pattern* or profile* or
habit* or guideline* or recommendation®) or "diet quality") or “dietary
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approaches to stop hypertension” or vegan* or vegetarian® or "prudent
diet" or "western diet" or omniheart or "Optimal Macronutrient Intake Trial
to Prevent Heart Disease" or nordiet or “Nordic diet” OR or ((Okinawa*
or asia* or Chinese or japan* or Hispanic* or ethnic or "plant based" or
title:omni or title:Mediterranean or DASH) near/3 (title:diet* or
abstract:diet*)))

AND

((title:neoplasm* OR title:cancer* OR title:carcinogen* OR title:tumor*
OR title:tumour* OR title:carcinoma* OR title:adenocarcinoma*)

NEAR/3 (title:colonic* OR title:colorect* OR title:rectal* OR title:rectum
OR title:breast* OR title:mammar* OR title:prostate* OR title:prostatic OR

lung)).

Date range: January 2014 to February 2014

Summary of articles identified to review

Total hits from all electronic database searches: 1780

Total articles identified to review from electronic databases: 820

Articles identified via handsearch or other means:

o Adebamowo CA, Hu FB, Cho E, Spiegelman D, Holmes MD, Willett WC.

Dietary patterns and the risk of breast cancer. Ann Epidemiol. 2005;15(10):789-
795. PMID: 16257363. http://www.ncbi.nlm.nih.gov/pubmed/16257363

Number of Primary Articles Identified: 82

Number of Review Articles ldentified: O

Total Number of Articles Identified: 82

Number of Articles Reviewed but Excluded: 769
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Articles identified through
database searching(n=1780)
{Fubied, Embase, Cochrane,

Navigator)
|
Articles screened(Title) Articles excluded
(n=1780) {n=960)
|
Articles screened(Abstract) Articles excluded
(n=820) (n=739)

|

Full-text articles reviewed for

eligibility (n=81)
Hand search Full-text articles excluded
(n=1) " (n=30)
Studiesincludedin systematic
review (52)

Breastcancer(n=25)
Colorectal cancer(n=22)
Lungcancer(n=4)
Prostate cancer (n=7)
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CHAPTER 4. DIETARY PATTERNS AND RISK OF PROSTATE CANCER
|

WHAT IS THE RELATIONSHIP BETWEEN DIETARY PATTERNS AND RISK OF
PROSTATE CANCER?

TECHNICAL ABSTRACT

Background

The goal of this systematic review was to determine whether dietary patterns are associated
with risk of prostate cancer. Dietary patterns were defined as the quantities, proportions,
variety or combination of different foods, drinks and nutrients in diets and the frequency with
which they are habitually consumed.

Conclusion statement

No conclusion can be drawn regarding the relationship between dietary patterns and the risk
of prostate cancer. This is due to limited evidence from a small number of studies with wide
variation in study design, dietary assessment methodology and prostate cancer outcome
ascertainment.

2015 DGAC Grade: Not assignable
Methods

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB
Abstracts and Food Science and Technology Abstracts) and Cochrane databases to identify
studies that evaluated the association between dietary patterns and risk of prostate cancer.
Studies that met the following criteria were included in the review: randomized controlled
trials (RCTs), non-randomized controlled trials, prospective cohort studies, or nested case-
control studies; human subjects aged two years and older who were healthy or at elevated
chronic disease risk; subjects from countries with high or very high human development (2012
Human Development Index); and published in English in peer-reviewed journals. The date
range was from January 2000 to January 2014. The intervention or exposure was adherence
to a dietary pattern (e.g., a priori patterns, data-driven patterns, reduced rank regression
(RRR) or patterns derived from other methods, and a description of the dietary pattern(s) (i.e.,
foods and beverages) consumed by subjects was provided. The outcome was incidence of
prostate cancer.

Data from each included article were extracted, and risk of bias was assessed. The evidence
was gualitatively synthesized, a conclusion statement was developed and the strength of the
evidence (grade) was assessed using pre-established criteria including evaluation of the
quality and risk of bias, quantity, consistency, magnitude of effect and generalizability of
available evidence.

Findings

e This systematic review included seven prospective cohort studies (from six different
cohorts) published since 2000 that examined the relationship between dietary patterns
and risk of prostate cancer

e The studies used different methods to assess dietary patterns. Three studies used
index scores to assess dietary patterns, two studies used factor analysis, one study
used principle components analysis and one made comparisons on the basis of
animal product consumption
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¢ Most of the seven studies included in this systematic review did not detect clear or
consistent relationships between dietary patterns and risk of prostate cancer, although
one found that adherence to the Dietary Guidelines (assessed using the HEI-2005 and
AHEI-2010) was associated with a lower risk of prostate cancer, particularly among
men who had a prostate-specific antigen (PSA) screening in the past three years.

Limitations
The ability to draw strong conclusions was limited by the following issues:

e These studies used a range of different approaches for assessing dietary patterns in
populations with variable cancer screening patterns

e Had heterogeneous prostate cancer outcome ascertainment

e Were typically limited to dietary exposure late in life

e Results were inconclusive regarding risk for clinically significant prostate cancer.

FULL REVIEW

Conclusion statement

No conclusion can be drawn regarding the relationship between dietary patterns and the risk
of prostate cancer. This is due to limited evidence from a small number of studies with wide
variation in study design, dietary assessment methodology and prostate cancer outcome
ascertainment.

Grade

Not assignable
Key findings

e This systematic review included seven prospective cohort studies (from six different
cohorts) published since 2000 that examined the relationship between dietary patterns
and risk of prostate cancer

e The studies used different methods to assess dietary patterns. Three studies used
index scores to assess dietary patterns, two studies used factor analysis, one study
used principle components analysis and one made comparisons on the basis of
animal product consumption

¢ Most of the seven studies included in this systematic review did not detect clear or
consistent relationships between dietary patterns and risk of prostate cancer, though
one found that adherence to the Dietary Guidelines (assessed using the HEI-2005 and
AHEI-2010) was associated with a lower risk of prostate cancer, particularly among
men who had a PSA screening in the past three years

e Because these studies used a range of different approaches for assessing dietary
patterns in populations with variable cancer screening patterns, had heterogeneous
prostate cancer outcome ascertainment, and were typically limited to dietary exposure
late in life, the results were inconclusive regarding risk for clinically significant prostate
cancer.

Evidence summary

Description of the Evidence
This systematic review includes seven prospective cohort studies that examined the
relationship between dietary patterns and risk of prostate cancer (Ax, 2014; Bosire, 2013;
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Kenfield, 2013; Key, 2009; Muller, 2009; Tseng, 2004; Wu, 2006). One study (Bosire, 2013)
also examined the independent associations of individual dietary pattern components by
running index-specific models in which all other components of the patterns were adjusted for.

The seven studies were conducted using participants from six different cohorts [two studies
(Kenfield, 2013; Wu, 2006) were from the Health Professionals Follow-up Study], and had
relatively low risk of bias ratings (scores ranged from two to nine points out of 24).

Four studies were conducted in the United States (Bosire, 2013; Kenfield, 2013; Tseng, 2004;
Wu, 2006), and one each was done in Australia (Muller, 2009), Sweden (Ax, 2014) and the
United Kingdom (Key, 2009). All of the studies were conducted in generally healthy adult men
without a previous diagnosis of prostate cancer. Sample size of the cohorts examined ranged
from 1,044 to 293,464 participants [two studies had less than 5,000 (Ax, 2014; Tseng, 2004),
two studies had less than 15,000 (Key, 2009; Muller, 2009), two studies had 15,000 to 50,000
(Kenfield, 2013; Wu, 2006) and one study had more than 250,000 (Bosire, 2013)]. While age
of the participants in these studies ranged from 20 years to 89 years, average age was
approximately 40 years to 60 years. Little information was provided regarding participants’
race/ethnicity or socioeconomic status (SES).

Summary of Methods

Dietary Patterns Analysis

Dietary patterns were assessed using a variety of different methods. Three studies used
index/scores to assess dietary patterns (Ax, 2014; Bosire, 2013; Kenfield, 2013), two studies
used factor analysis (Muller, 2009; Wu, 2006), one study used principle components analysis
(Tseng, 2004) and one made comparisons on the basis of animal product consumption (e.qg.,
vegetarians, non-vegetarians, meat eaters, fish eaters) (Key, 2009). All of the included studies
used a validated tool to assess dietary intake; two studies used cumulative intakes over the
duration of follow-up to calculate dietary patterns (Kenfield, 2013; Wu, 2006) and the rest
used baseline intakes.

A description of the methods used to measure dietary patterns is below.

Index-Score Analysis

AXx, 2014 assessed dietary patterns using the Modified Mediterranean diet score (MMDS)
(Score included Low adherence, zero to eight; Medium, three to five; and High, six to eight).

Bosire, 2013 assessed dietary patterns using the:

e Healthy Eating Index (HEI-2005): Scores were zero to 100
e Alternate Mediterranean Diet Score (aMED): Scores were zero to nine
e Alternate Healthy Eating Index (AHEI-2010): Scores were zero to 110.

Kenfield, 2013 assessed dietary patterns using the:

e Mediterranean diet score (MDS): Scores were:
o Low adherence: Zero to nine
o Moderate adherence: Four to five
o High adherence: Six to nine.
e Alternative MDS (aMDS): Scores were:
o Low adherence: Zero to nine
o Moderate adherence: Four to five
o High adherence: Six to nine.
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The components and scoring procedures for the indices and scores listed above are
described in more detail in Table 1.

Table 1. Indices and scores used in seven studies done to assess the relationship
between dietary patterns and prostate cancer.
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Table 1. Indices and scores used in seven studies done to assess the relationship between dietary patterns and prostate

cancer
Modified Med Alternate Med M%c:(lattegggr%an Alternative Alternative HEI Healthy Eating
Index/Score Diet Score Diet Score (MDS) Med Diet Score (AHEI)-2010 Index
(Reference) (mMDS) (aMED) (Trichopolou (aMDS) (McCullough, (HEI)-2005
(Ax, 2014) (Fung, 2005) 200p3) ’ (Fung, 2006) 2002) (Guenther, 2008)
Article(s) Ax, 2014 Bosire, 2013 Kenfield, 2013 Kenfield, 2013 Bosire, 2013 Bosire, 2013
Components | Total Score: 0-8 | Total Score: 0-9 | Total Score: 0-9 | Total Score: 0-9 | Total Score: 0-110 | Total Score: 0-100
Total
Vegetables® Vegetables vegetables!:
(not potatoes, VEBEIEIIES ® Vegetables® el (r(‘f))t (not potatoes, 0-5
vV . (not potatoes) : o corn, garlic) )
egetables includes pulses) - S OMedian=1 - AR french fries) Dark green/
: S OMedian=1 el OMedian=1
OMedian=1 <Median=0 <Median=0 <Median=0 ) 0-10 orange/
<Median=0 - - 05 serv/d=10 legumes™*:
0-5
Legumes"” Legumes"” Legumes"” Legumes"” Nuts & Legumes® Dark green/
Legumes OMedian=1 OMedian=1 OMedian=1 OMedian=1 ~ 010 orange/legumes®”
<Median=0 <Median=0 <Median=0 <Median=0 01 serv/d=10 0-5
, Frw_ts(*): ) Frwfts(*): Fruits®:
OMedian=1 OMedian=1 0-10 Total fruit®V:
Fruits and/or <Median=0 Fruits & Nuts® <Median=0 04 serv/d=10 0-5 ’
Nuts OMedian=1 .
Nuts®: <Median=0 Nuts®: Nuts & Legumes": WhOIegrglts .
OMedian=1 OMedian=1 e i
<Median=0 <Median=0 01 serv/d=10
ine® )
Cereals F?(?tr;r?)lss%’ Whole grains® Cereals" Whole grains® Wholg_cl;(r)alns Total g_rs s
M raine | Ovedian=t | GREGETTC | s | Mediano | 7500 1=10 | Whole grains®
<Median=0 B B 3 90g/d 11=10 0-5
. . . Fish (not
. Fish® Fish® Fish® ®
Fish Igirsrljresh OMedian=1 OMedian=1 OMedian=1 gﬁ:ﬁgg)_l
<Median=0 <Median=0 <Median=0 N
<Median=0
OF
Long-chain fats (EPA SFA™:
& DHA)™M: 010
PUFA/SFA® MUFA/SFA® PUFA/SFA® MUFA/SFA® 0-10 015%-07% E
Fat OMedian=1 OMedian=1 OMedian=1 OMedian=1 0-250mg/d .
<Median=0 <Median=0 <Median=0 <Median=0 » Healthy oils®™:
PUFA % erjergy( ): 0-10
02 to 610 0-12g/d
Solid fats,
0.5-1.51 alcoholic bevs &
Alcohol 10-50g/d=1“" | 10-25g/d=1“" | 10-50g/d=1“" | 10-50g/d=1¢™ 0.5-2.0 Il added sugars®
Drinks/d=10¢™ ~ 0-20
050%-020% E
ML (VLT Prsfgsfed Prsfgsfed Prssgsfed Rzl & Pogeeszd
Products® 0 0 0 Meat®” Meat & Beans®
Total Meat . . Meat Meat Meat
OMedia=0 : S : S . S 0-10 0-10
<Median=1 OMed!an—O OMed!an—O OMed!an—O 61.5-0 serv/d
<Median=1 <Median=1 <Median=1 )
. Dairy Products® Dairy Products® LAILS, g
Dairy i S , o cheese, & soy
Products OMedian=0 OMedian=0 beverages®
<Median=1 <Median=1 0-10
Sweets or Sugar Sweetened Solid fats,
Sugar Beverages & Fruit | alcoholic bevs &
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Table 1. Indices and scores used in seven studies done to assess the relationship between dietary patterns and prostate

cancer
Modified Med Alternate Med M%?gf gggrian Alternative Alternative HEI Healthy Eating
Index/Score Diet Score Diet Score (MDS) Med Diet Score (AHEI)-2010 Index
(Reference) (mMDS) (aMED) (Trichopolou (aMDS) (McCullough, (HEI)-2005
(Ax, 2014) (Fung, 2005) 200%) ’ (Fung, 2006) 2002) (Guenther, 2008)
Article(s) Ax, 2014 Bosire, 2013 Kenfield, 2013 Kenfield, 2013 Bosire, 2013 Bosire, 2013
Components | Total Score: 0-8 | Total Score: 0-9 | Total Score: 0-9 | Total Score: 0-9 | Total Score: 0-110 | Total Score: 0-100
Products Juice” 0-10 added sugars"
01-0 serv/d 0-20
050%-020% E
0-10 0-10
Sodium Highest to Lowest Highest to Lowest
decile, mg/d” decile, mg"
% energy 0-10
Trans fat 04 to 00.5")

YIncludes 100% juice; *Includes all forms except juice; Alncludes legumes only after meat & beans standard is met; Mincludes non-hydrogenated

vegetables oils and oils in fish, nuts and seeds.

&)
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Factor Analysis and Principle Component Analysis
Muller, 2009 identified four dietary patterns using factor analysis:

Mediterranean: Some meats, vegetables, fruits; avoidance of cakes, sweet biscuits
Vegetable: High intake of vegetables

Meat and Potatoes: High intake of meat and potato cooked in fat

Fruit and Salad: High intake of salad greens and fruit.

Tseng, 2004 identified three dietary patterns using PCA:

e Vegetable-fruit: High loadings for vegetables, fruits, fish and shellfish

¢ Red meat-starch: High loadings for red meat, potatoes, salty snacks, cheese, sweets
and desserts

e Southern: High loadings for beans, rice and traditional southern foods (cornbread,
grits, sweet potatoes, okra).

Wu, 2006 identified two dietary patterns using factor analysis:

e Prudent: High intakes of fruits, vegetables, whole grains, fish, poultry
e Western: High intakes of meat products (red and processed meat), refined grains,
high-fat dairy.

Vegetarians vs. Non-vegetarians

Key, 2009 determined dietary patterns based on participants’ reported intake of animal
products. Participants reported similar intakes of milk, cheese, vegetables and fresh fruit, and
the following intake patterns of animal products:

e Vegetarians: Reported consumption of eggs and dairy, but not meat and fish; vegans, who
reported no consumption of meat, fish, eggs and dairy, were included in this group

e Non-vegetarians: Reported consumption of meat and fish

e Meat eaters: Reported meat consumption

e Fish eaters: Reported fish consumption, but no meat consumption.

Prostate Cancer Outcomes

All included studies examined risk of developing prostate cancer as the primary outcome of
interest. Duration of follow-up ranged from an average of 7.6 years to 23.2 years. In addition
to incidence of prostate cancer, several studies also examined clinical or phenotypic
characteristics of prostate cancer such as stage (including metastases), grade and tumor
aggressiveness (Gleason score) (whether metastases occurred, and if they were regional or
distant) (Ax, 2014; Bosire, 2013; Kenfield, 2013; Muller, 2009; Wu, 2006).

Evidence Synthesis

Most of the studies included in this systematic review did not find any statistically significant
relationships between dietary patterns and risk of prostate cancer, although one found that
adherence to the Dietary Guidelines (assessed using the HEI-2005 and AHEI-2010) was
associated with a lower risk of prostate cancer, particularly among men who had a prostate-
specific antigen (PSA) screening in the past three years (Bosire, 2013). However, because
these studies used a range of different approaches for assessing or determining dietary
patterns with heterogeneous prostate cancer screening and detection strategies, these results
are inconclusive with regards to risk of prostate cancer (Table 2).
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Table 2. Summary of studies examining the relationship between dietary patterns and
risk of prostate cancer (PCA).
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Table 2. Summary of studies examining the relationship between dietary patterns and risk of prostate cancer (PCA)

Author, Year

Study Design;
Location (Cohort)

Risk of Bias
AX, 2014

Prospective Cohort
Study (PCS);
Sweden (Uppsala
Longitudinal Study
of Adult
Men(ULSAM))

Risk of Bias*: 8/24

Sample Size (Age)

Number of PCA
cases;

Duration of Follow-

up
N=1,044 men
(Age=~70y)

133 cases; 13.2y

Dietary Patterns**

Modified Mediterranean
diet score (MMDS)

Results

There was no association between mMDS
score and PCA (NS).

Summary of Findings

Adherence to a Mediterranean-like
diet (assessed using the mMDS) was
not associated with risk of prostate
cancer.

Bosire, 2013

PCS; US (NIH-AARP
Diet and Health
Study)

Risk of Bias: 2/24

N=293,464 men
(Age=50-71y)

23,453 cases; 8.9y

* Healthy Eating Index
(HEI-2005)

o Alternate
Mediterranean Diet
Score (aMED)

o Alternate Healthy
Eating Index (AHEI-
2010)

Total PCA:

HEI-2005: Inversely associated with total
PCA (Q1 vs. 5): HR=0.94, 95% CI=0.90-
0.98; P for trend=0.01

AHEI-2010: Inversely associated with total
PCA (Q1 vs. 5): HR=0.96, 95% CI=0.92-
1.00; P for trend=0.009

aMED: NS association with PCA

Total PCA stratified by PSA Screening
History:

HEI-2005: Inversely associated with total
PCA (Q1 vs. 5): HR=0.92, 95% CI=0.86-
0.98; P for trend=0.01

AHEI-2010: Inversely associated with total
PCA (Q1 vs. 5): HR=0.93, 95% CI=0.88-
0.99; P for trend=0.05

aMED: NS association with PCA.

PCA Stage:

Adherence to the Dietary Guidelines
(assessed using the HEI-2005 and
AHEI-2010) was associated with a
lower risk of prostate cancer,
particularly among men who had a
PSA screening in the past 3 years,
though men in the highest quintiles of
both indices were more likely to report
recent PSA screening. Adherence to
a Mediterranean-like diet (assessed
using the aMED) was not associated
with prostate cancer risk.

In individual component analyses,
higher scores on the fish component
of aMED and the omega-3 component
of the AHEI-2010, as well as the
legume component of the aMED,
were associated with lower risk of
fatal prostate cancer risk.
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Table 2. Summary of studies examining the relationship between dietary patterns and risk of prostate cancer (PCA)

Author, Year Sample Size (Age)
Number of PCA
cases;
Duration of Follow-

Study Design;

Location (Cohort)

Dietary Patterns**

Results

Summary of Findings

Risk of Bias up

HEI-2005, AHEI-2010, aMED: NS
associations with either advanced or fatal
PCA, regardless of PSA screening status
(NS).

Independent Risk for Specific
Components:

aMED: Higher fish component scores were
associated with lower fatal PCA (HR=0.79,
95% CI=0.65-0.96); Higher legume
component scores were associated with
higher fatal PCA (HR=1.26, 95% CI=1.03-
1.53)

AHEI-2010: Higher omega-3 component
scores were associated with lower fatal PCA
(HR=0.94, 95% CI=0.90-0.98).

Kenfield, 2013 N= 47,867 men
(Age=~54y)
PCS; US (Health
Professionals

Follow-up Study)

6,220 cases; 23.2y

Risk of Bias: 0/24

e Mediterranean diet
score (MDS)

o Alternative MDS
(aMDS)

There were no associations between MDS or
aMDS scores and PCA (for total, advanced,
lethal, fatal, low grade, or high grade
disease) (NS).

Adherence to a Mediterranean diet
(assessed using the MDS or the
aMDS) was not associated with risk of
developing prostate cancer.

Key, 2009 N=12,230 men
(Age=~45Yy)
PCS; US (European
Prospective
Investigation into
Cancer and Nutrition

EPIC-Oxford)

235 cases; ~8y

* Vegetarians
* Non-vegetarians
¢ Meat eaters
e Fish eaters

None of the dietary patterns identified were
associated with PCA (NS).

None of the dietary patterns examined
(vegetarian, non-vegetarian, meat
eater, fish eater) were associated with
risk of prostate cancer.
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Table 2. Summary of studies examining the relationship between dietary patterns and risk of prostate cancer (PCA)

Author, Year

Study Design;

Location (Cohort)

Sample Size (Age)

Number of PCA
cases;
Duration of Follow-

Dietary Patterns**

Results

Summary of Findings

Risk of Bias

Risk of Bias: 9/24

up

Muller, 2009

PCS; Australia
(Melbourne
Collaborative
Cohort)

Risk of Bias: 5/24

N=14,627 men
(Age=~40-69y)

1,018 cases; 13.6y

¢ "Mediterranean"

¢ "Vegetable"

¢ "Meat & Potatoes"
e "Fruit & Salad"

None of the dietary patterns identified were
associated with PCA (for overall risk or tumor
aggressiveness) (NS).

None of the dietary patterns identified
using factor analysis.

("Mediterranean,0 "Vegetable," "Meat
& Potatoes," "Fruit & Salad") were
associated with risk of prostate
cancer.

Tseng, 2004 N=3,779 men ¢ "Vegetable-fruit" None of the dietary patterns identified were None of the dietary patterns identified
(Age=58y) ¢ "Red meat-starch" associated with PCA (NS). using PCA ("Vegetable-fruit," "Red

PCS; US (National ¢ "Southern” meat-starch," "Southern") were

Health and Nutrition | 136 cases; 7.6y associated with risk of prostate

Examination Study cancer.

Epid. Follow-up)

Risk of Bias: 6/24

Wu, 2006 N=47, 725 ¢ "Prudent"” Neither of the dietary patterns identified was | Neither of the dietary patterns
(Age=~70y) * "Western" associated with PCA (for total, organ- identified using factor analysis

PCS; US (Health
Professionals
Follow-up Study)

Risk of Bias: 0/24

3,002 cases; 14y

confined, or advanced disease) (NS).

("Prudent," "Western") was
associated with risk of prostate
cancer.

*Risk of Bias as determined using the Nutrition Evidence Library Bias Assessment Tool
**Additional details regarding the dietary patterns, as reported by the authors, are found in the fiDescription of Evidenced section of the Evidence Portfolio
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Despite using different methods, a number of the dietary patterns examined shared similar
components. For example, several studies examined variations of a Mediterranean style diet
(Ax, 2014; Bosire, 2013; Kenfield, 2013; Muller, 2009), but none found relationships with
prostate cancer risk. Only Bosire, 2013 reported a modest inverse relationship between the
HEI-2005 and the AHEI-2010 and risk of prostate cancer. Bosire, 2013 was also the only
study to examine the independent risk for specific dietary components (while controlling for
the rest of the pattern), finding that the fish and legume components of the aMED and the
omega-3 component of the AHEI-2010 were independently associated with reduced prostate
cancer risk. Because only one study reported these findings, they are suggestive and need to
be confirmed by additional research.

While many of the included studies were conducted in large cohorts from the United States,
modest demographic information was provided and minority populations are often
underrepresented, making it difficult to determine whether results are generalizable to the
overall US population, or whether certain subgroups may be more or less susceptible to the
impacts of diet on risk of prostate cancer. The enormous variation in prostate cancer
screening, diagnostic approaches and treatments provided in different nations where studies
are conducted, adds to the complexity of interpreting data regarding both incidence and
mortality.

Prostate cancer is a heterogeneous disease demonstrating variation in behavior ranging from
indolent to aggressive phenotypes, and our appreciation of dietary, genetic and endocrine
factors that contribute to the prolonged period of prostate carcinogenesis and the
development of clinically significant disease or risk of death are poorly understood. Despite
using validated tools to assess dietary intake, most studies reviewed employ one baseline
measure to determine adult dietary patterns and impact on risk. Dietary patterns derived using
baseline dietary intake may not reflect patterns consumed at critical stages of earlier life such
as during puberty or in the decades prior to enrolling in the study. Although many of the
studies controlled for a number of confounders, not all potential confounders, particularly
those related to screening [i.e., individual compliance with screening standards within a nation
such as PSA evaluation and digital rectal exams (DRE)] and other relevant dietary or lifestyle
factors, were adjusted for and residual confounding is possible. For example, Bosire, 2013
found significant results when analyses were stratified by PSA screening history, while none
of the other studies adjusted for this potential confounder. Finally, some of the included
cohorts had small sample sizes, with few prostate cancer cases. Additional studies
addressing the variation in screening, the complex biology and multiple interacting dietary,
genetic and environmental factors that contribute to risk will be necessary.

Research recommendations

In order to better assess the relationship between dietary patterns and risk of developing
prostate cancer, additional research is needed to:

e Investigate how dietary patterns consumed across the life cycle impact the risk of
prostate cancer later in life, including childhood and adolescence, mid-life and later
years. Examine the impact of other potential confounders on the relationship between
dietary patterns and prostate cancer risk, including PSA and DRE screening history,
family history and genetics and the use of pharmaceutical agents impacting hormonal
status

e Examine dietary patterns and associations with prostate cancer risk among diverse
ethnic/racial minority groups in the United States

e Continue to explore the role of energy balance and obesity (including patterns of
weight change throughout the life cycle), anthropometrics and physical activity in
prostate cancer risk
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Continue to define the role of specific nutrients, phytochemicals and foods that may
individually or in combination during various stages of the life cycle impact the risk of
prostate cancer

When designing studies and conducting data analyses consider the possibility that
men consuming a protective dietary pattern may also be living longer with less
comorbidity, less competing mortality and may be more likely to be screened over a
longer time interval (higher chance of detecting prostate cancers)

Recognize that prostate cancer is a heterogeneous collection of diseases and that
future evaluation of dietary patterns, as well as specific nutrients and dietary
components, may be more informative when considering specific subtypes defined by
aggressiveness or molecular phenotyping.

Search plan and results
Inclusion criteria

Human subjects

Subject populations from countries with high or very high human development,
according to the 2012 Human Development Index[1]

Children, adolescents and adults aged two years and older

Subjects who were healthy or at elevated chronic disease risk

Randomized or non-randomized controlled trial, prospective cohort study or a nested
case-control study

Intervention studies with a dropout rate of 20% and a differential dropout rate of 15%
between groups

The intervention or exposure was adherence to a dietary pattern [e.g., a priori patterns
(indices/scores), data driven patterns (factor or cluster analysis), reduced rank
regression or patterns derived from other methods [Dietary Approaches to Stop
Hypertension (DASH), vegetarian]

A description of the dietary pattern(s) (i.e., foods and beverages) consumed by
subjects was provided

The comparator was different levels of adherence to a dietary pattern or adherence to
a different dietary pattern

The outcome was incidence of colorectal, breast, prostate or lung cancer.

In addition, articles were included if they were published in English in a peer-reviewed
journal between January 2000 and January 2014. If an author is included on more
than one primary research article that is similar in content, the paper with the most
pertinent data and endpoints was included. If data and endpoints from both papers are
appropriate, it was made clear that results are from the same intervention.

[1] United Nations Development Programme. Human Development Report 2013, The
Rise of the South: Human Progress in a Diverse World 2013. Available from:
http://hdr.undp.org/sites/default/files/reports/14/hdr2013 _en_complete.pdf.

Exclusion criteria

Animals and in vitro models
Subject populations from countries with medium or low human development,
according to the Human Development Index
Children under the age of two years
Subjects who were hospitalized, diagnosed with disease and receiving medical
treatment
Study types including:

o Systematic review
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Meta-analysis
Narrative review
Before and after
Uncontrolled
Cross-sectional
Case-control
o Ecological design.
e Articles were excluded if they were:
o Not published in English
o Published before January 2000
o Not published in peer-reviewed journals (e.g., websites, magazine articles,
Federal reports).
e If an author was included on more than one review article or primary research article
similar in content, the paper with the most pertinent data and endpoints was included
and others were excluded.

O O O O O O

Analytic framework

Analytical Framework: Dietary Patterns and Cancer

w Key Definitions:
Children and adults (2y+), healthy and at risk for chronic disease *Dietary patterns: The quantities,
proportions, variety, or combination
{Literature will be examined by age group, sex, race/ethnicity, and geographic of different foods, drinks, and
location as appropriate. Age/lifestage groups of interest include children, nutrients (when available) in diets,
adolescents, adults, including pregnant, lactating, and peri-postmenopausal and the frequency with which they
women, and older adults} are habitually consumed.
'

Intervention/Exposure
Adherence to a dietary pattern (e.g., a priori patterns
(indices/scores), data driven patterns (factor or cluster analysis),
reduced rank regression, or patterns derived from other methods
(DASH, vegetarian))
Comparator

Different levels of adherence to a dietary pattern; Adherenceto a

different dietary pattern

|

Endpoint Health Outcomes
*Incidence of breast cancer ;
*Incidence of colorectal cancer d
*Incidence of prostate cancer
*Incidence of lung cancer

Potential Confounders
*Total energy intake
*BMI
*Sex
*Age

*Smoking
*Alcohol intake
*Physicalactivity
*SES
*Race/ethnicity
*Family history
*Genetics
*ERT
*Cx screening

Systematic Review Questions:

*What is the relationship between dietary patterns and risk of breast cancer?
*What is the relationship between dietary patterns and risk of colorectal cancer?
*What is the relationship between dietary patterns and risk of prostate cancer?
*What is the relationship between dietary patterns and risk of lung cancer?

Search terms and electronic databases used
e PubMed
o Date(s) Searched: January 2014
o Search Terms: (“diet quality” OR dietary pattern* OR diet pattern* OR
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eating pattern* OR food pattern* OR eating habit* OR dietary habit* OR
food habit* OR dietary profile* OR food profile* OR diet profile* OR
eating profile* OR dietary guideline* OR dietary recommendation* OR
food intake pattern* OR dietary intake pattern* OR diet pattern* OR
eating style*) OR

(DASH][ti] OR DASH[tw] OR ("dietary approaches"[ti] AND
hypertension]ti]) OR "Diet, Mediterranean"[Mesh] OR Mediterranean [ti]
OR vegan* OR vegetarian®™ OR "Diet, Vegetarian"[Mesh] OR “prudent
diet” OR “western diet” OR nordiet OR omnifti] OR omniheart[tiab] OR
(Optimal Macronutrient Intake Trial to Prevent Heart Disease) OR
((Okinawa™ OR "Ethnic Groups"[Mesh] OR “plant based” OR
Mediterranean[tiab]OR Nordic[tiab] OR "heart healthy"[tiab] OR indo-
mediterranean) AND (dietfmh] OR diet[tiab] OR food[mh]))) OR

("Guideline Adherence"[Mesh] AND (diet OR food OR eating OR eat OR
dietary OR feeding OR nutrition OR nutrient*)) OR (adherence AND
(nutrient* OR nutrition OR diet OR dietary OR food OR eat OR eating)
AND (guideline* OR guidance OR recommendation*)) OR

(dietary score* OR adequacy index* OR kidmed OR Diet Quality Index*
OR Food Score* OR Diet Score* OR MedDietScore OR Dietary Pattern
Score* OR “healthy eating index”) OR

((index*[ti] OR score*[ti] OR indexes OR scoring(ti] OR indices[ti]) AND
(dietary[ti] OR nutrient*[ti] OR eating[tiab] OR food[ti] OR food[mh] OR
diet[ti] OR diet[mh]) AND (pattern* OR habit* OR profile*)) Eng/hum AND
("Study Characteristics" [Publication Type] OR “clinical trial”[ptyp] OR
"Epidemiologic Studies"[Mesh] OR "Support of Research”[ptyp]) NOT
(editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR

review[ptyp])
AND

"Colorectal Neoplasms"[mesh] OR "polyps"[MeSH Terms] OR "lung
neoplasms"[MeSH Terms] OR "Prostatic Neoplasms"[Mesh] OR "Breast
Neoplasms”[Mesh] OR ((cancer[tiab] OR cancers[tiab] OR
cancerous[tiab] OR neoplasm*[tiab] OR carcinogen*[tiab] OR
"Carcinogens”[Mesh] OR tumor[tiab] OR tumors[tiab] OR tumour*[tiab]
OR carcinoma*[tiab] OR adenocarcinoma*[tiab] OR sarcoma*[tiab] OR
metastasis[tiab] OR metastases[tiab] OR polyp*[ti]) AND (colonic*[tiab]
OR colon[tiab] OR colorect*[tiab] Or rectal OR rectum OR breast*[tiab]
OR mammary[tiab] OR prostate*[tiab] OR prostatic[tiab] OR lung]tiab])).

e Cochrane
o Date(s) Searched: January 2014

o Search Terms: '("diet quality” OR (dietary NEXT guideline*) OR (dietary
NEXT recommendation*) OR ((food OR eating OR diet OR dietary)
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NEAR/3 (pattern OR profile OR habit)) OR (eating NEXT style*) OR
("dietary approaches to stop hypertension” OR vegan* OR vegetarian*
OR "prudent diet" OR "western diet" OR nordiet OR "Nordic diet" OR
omniheart OR "Optimal Macronutrient Intake Trial to Prevent Heart
Disease" OR ((asia* OR western OR Okinawa* OR "plant based" OR
Mediterranean OR DASH) AND (diet* OR food))) OR ((Index OR score
OR indices OR scoring) NEAR/3 (dietary OR diet OR food OR eating))
OR "adequacy index" OR kidmed OR MedDietScore) in Title, Abstract,
Keywords and ((neoplasm* OR cancer* OR carcinogen* OR tumor* OR
tumour* OR carcinoma* OR adenocarcinoma*) AND (colonic* OR
colorect* OR rectal* OR rectum OR breast* OR mammar* OR prostate*
OR prostatic)) in Title, Abstract, Keywords not pubmed in Trials'.

e Embase
o Date(s) Searched: January 2014

o Search Terms: (MedDietScore OR adequacy index* OR kidmed OR
‘healthy eating index”) OR ((index OR score OR scoring) NEAR/3 (‘diet
quality’ OR dietary OR nutrient* OR eating OR food OR dieti)):ti, ab OR

(‘diet quality’ OR 'eating habit/exp OR 'Mediterranean diet/exp OR
nordiet:ti, ab OR ‘nordic diet’:ti, ab OR DASH:ti, ab OR ‘dietary
approaches to stop hypertension’:ti, ab OR vegan*:ab, ti OR
vegetarian*:ab, ti OR 'vegetarian diet'/exp OR 'vegetarian'/exp OR
‘prudent diet’:ti, ab OR ‘western diet’:ti, ab OR omniheart:ti, ab OR
omni:ti OR ‘plant based diet’) OR ((dietary OR eating OR food OR diet)
NEAR/2 (pattern? OR habit? OR profile? OR recommendation? OR
guideline?)) OR ((‘ethnic, racial and religious groups'/exp or Okinawa*
OR ‘mediterranean’) AND (diet/exp OR eating/exp OR 'food intake/de))

AND

((cancer*:ab, ti OR tumor*:ab, ti OR tumour*:ab, ti OR 'neoplasm’/exp OR
neoplasm*:ab, ti OR carcinogen*:ab, ti OR 'carcinogen'/exp OR
‘carcinoma’/exp OR carcinoma*:ab, ti OR adenocarcinoma*:ab, ti OR
metastas*s:ab, ti OR sarcoma*:ab, ti) AND (colonic*:ti, ab OR colorect*:ti,
ab OR rectal OR rectum OR breast*:ti, ab OR mammar*:ti, ab OR
prostate*:ti, ab OR prostatic:ti, ab OR lung*:ti, ab)) OR (‘breast
tumor'/exp OR 'prostate cancer'/exp OR ‘colon tumor'/exp OR ‘'lung
cancer'/exp).

e Naviagator (Food Science & Technology Abstracts/BIOSIS/CAB Abstracts)
o Date(s) Searched: January 2014

o Search Terms: (MedDietScore or "adequacy index" or kidmed or ((index
or score) near/2 (("diet quality") or dietary or nutrient* or eating or food or
diet)) or ((Diet or dietary or eating or food) near/2 (pattern* or profile* or
habit* or guideline* or recommendation®) or "diet quality”) or “dietary
approaches to stop hypertension” or vegan* or vegetarian® or "prudent
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diet" or "western diet" or omniheart or "Optimal Macronutrient Intake Trial
to Prevent Heart Disease" or nordiet or “Nordic diet” OR or ((Okinawa*
or asia* or Chinese or japan* or Hispanic* or ethnic or "plant based" or
title:omni or title:Mediterranean or DASH) near/3 (title:diet* or
abstract:diet*)))

AND

((title:neoplasm* OR title:cancer* OR title:carcinogen* OR title:tumor*
OR title:tumour* OR title:carcinoma* OR title:adenocarcinoma*)

NEAR/3 (title:colonic* OR title:colorect* OR title:rectal* OR title:rectum
OR title:breast* OR title:mammar* OR title:prostate* OR title:prostatic OR

lung)).

Date range: January 2014 to February 2014

Summary of articles identified to review

Total hits from all electronic database searches: 1780

Total articles identified to review from electronic databases: 820

Articles identified via handsearch or other means:

o Adebamowo CA, Hu FB, Cho E, Spiegelman D, Holmes MD, Willett WC.

Dietary patterns and the risk of breast cancer. Ann Epidemiol. 2005;15(10):789-
795. PMID: 16257363. http://www.ncbi.nlm.nih.gov/pubmed/16257363

Number of Primary Articles ldentified: 82

Number of Review Articles ldentified: O

Total Number of Articles Identified: 82

Number of Articles Reviewed but Excluded: 769
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Articles identified through
database searching(n=1780)
{FPubted, Embase, Cochrane,
Mavigator)
)
Articles screened(Title) Articles excluded
(n=1780) {n=960)
|
Articles screened(Abstract) Articles excluded
(n=520) {n=739)
|
Full-textarticles reviewed for
eligibility (n=81)
Hand search Full-textarticles excluded
n=1) (n=30)
Studiesincludedin systematic
review (52)

Breastcancer (n=25)
Colorectal cancer (n=22)
Lungcancer(n=4)
Prostate cancer(n=7)

Included articles (References)

1. AxE, Garmo H, Grundmark B, Bill-Axelson A, Holmberg L, Becker W, Zethelius B,
Cederholm T, Sjogren P. Dietary Patterns and Prostate Cancer Risk: Report from the
Population Based ULSAM Cohort Study of Swedish Men. Nutr Cancer. 2014; 66(1):
77-87. PMID: 24325263. http://www.ncbi.nlm.nih.gov/pubmed/24325263

2. Bosire C, Stampfer MJ, Subar AF, Park Y, Kirkpatrick SI, Chiuve SE, Hollenbeck AR,
Reedy J. Index-based dietary patterns and the risk of prostate cancer in the NIH-
AARP diet and health study. Am J Epidemiol. 2013; 177(6): 504-513. PMID:
23408548. http://www.ncbi.nlm.nih.gov/pubmed/23408548

3. Kenfield SA, Dupre N, Richman EL, Stampfer MJ, Chan JM, Giovannucci EL.
Mediterranean Diet and Prostate Cancer Risk and Mortality in the Health
Professionals Follow-up study. Eur Urol. 2013; 65(5): 887-894. PMID: 23962747.
http://www.ncbi.nlm.nih.gov/pubmed/23962747

4. Key TJ, Appleby PN, Spencer EA, Travis RC, Roddam AW, Allen NE. Cancer
incidence in vegetarians: Results from the European Prospective Investigation into
Cancer and Nutrition (EPIC-Oxford). Am J Clin Nutr. 2009; 89(5): 1, 620S-1, 626S.
PMID: 19279082. http://www.ncbi.nlm.nih.gov/pubmed/19279082

5. Muller DC, Severi G, Baglietto L, Krishnan K, English DR, Hopper JL, Giles GG.
Dietary patterns and prostate cancer risk. Cancer Epidemiol Biomarkers Prev. 2009;
18(11): 3, 126-3, 129. PMID: 19861522.
http://www.nchbi.nlm.nih.gov/pubmed/19861522

6. Tseng M, Breslow RA, DeVellis RF, Ziegler RG. Dietary patterns and prostate cancer
risk in the National Health and Nutrition Examination Survey Epidemiological Follow-
up Study cohort. Cancer Epidemiol Biomarkers Prev. 2004; 13(1): 71-77. PMID:
14744736. http://www.ncbi.nlm.nih.gov/pubmed/14744736

7. Wu K, Hu FB, Willett WC, Giovannucci E. Dietary patterns and risk of prostate cancer
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in U.S. men. Cancer Epidemiol Biomarkers Prev. 2006; 15(1): 167-171. PMID:
16434606. http://www.ncbi.nlm.nih.gov/pubmed/16434606

Excluded articles

See Appendix C for a full list of excluded articles with reason.
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CHAPTER 5. DIETARY PATTERNS AND RISK OF LUNG CANCER
|

WHAT IS THE RELATIONSHIP BETWEEN DIETARY PATTERNS AND RISK OF LUNG
CANCER?

TECHNICAL ABSTRACT

Background

The goal of this systematic review was to determine whether dietary patterns are associated
with risk of lung cancer. Dietary patterns were defined as the quantities; proportions; variety or
combination of different foods, drinks and nutrients in diets; and the frequency with which they
are habitually consumed.

Conclusion statement

Limited evidence from a small number of studies suggests a lower risk of lung cancer
associated with dietary patterns containing more frequent servings of vegetables, fruits,
seafood, grains and cereals, legumes and lean vs. higher fat meats and lower fat or non-fat
dairy products. Despite reported modest significant reductions in risk, definitive conclusions
cannot be established at this time because of the small number of articles, as well as wide
variation in study design, dietary assessment and case ascertainment.

2015 DGAC Grade: Limited
Methods

Literature searches were conducted using PubMed, Embase, Navigator (BIOSIS, CAB
Abstracts, and Food Science and Technology Abstracts) and Cochrane databases to identify
studies that evaluated the association between dietary patterns and risk of lung cancer.
Studies that met the following criteria were included in the review: randomized controlled
trials (RCTs), non-randomized controlled trials, prospective cohort studies, or nested case-
control studies; human subjects aged two years and older who were healthy or at elevated
chronic disease risk; subjects from countries with high or very high human development (2012
Human Development Index); and published in English in peer-reviewed journals. The date
range was from January 2000 to January 2014. The intervention or exposure was adherence
to a dietary pattern (e.qg., a priori patterns, data-driven patterns, reduced rank regression or
patterns derived from other methods, and a description of the dietary pattern(s) (i.e., foods
and beverages) consumed by subjects was provided. The outcome was incidence of lung
cancer.

Data from each included article were extracted, and risk of bias was assessed. The evidence
was qualitatively synthesized, a conclusion statement was developed and the strength of the
evidence (grade) was assessed using pre-established criteria including evaluation of the
quality and risk of bias, quantity, consistency, magnitude of effect and generalizability of
available evidence.

Findings

e This systematic review included three prospective cohort studies and one nested
case-cohort study published since 2000 that examined the relationship between
dietary patterns and risk of lung cancer

e The studies used different methods to assess dietary patterns. Two studies used an
index score to measure adherence to a dietary pattern, one study derived dietary
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patterns using principal components analysis and another based dietary patterns on
participant reports of animal product intake.

Limitations
The ability to draw strong conclusions was limited by the following issues:

e With only four relevant studies that used different approaches for assessing or
determining dietary patterns, the evidence available to examine the relationship
between dietary patterns and risk of lung cancer is limited.

FULL REVIEW

Conclusion statement

Limited evidence from a small number of studies suggests a lower risk of lung cancer
associated with dietary patterns containing more frequent servings of vegetables, fruits,
seafood, grains and cereals, legumes and lean vs. higher fat meats and lower fat or non-fat
dairy products. Despite reported modest significant reductions in risk, definitive conclusions
cannot be established at this time because of the small number of articles, as well as wide
variation in study design, dietary assessment and case ascertainment.

Grade
Limited
Key findings

e This systematic review included three prospective cohort studies and one nested
case-cohort study published since 2000 that examined the relationship between
dietary patterns and risk of lung cancer

e The studies used different methods to assess dietary patterns. Two studies used an
index score to measure adherence to a dietary pattern, one study derived dietary
patterns using principal components analysis and another based dietary patterns on
participant reports of animal product intake

e With only four relevant studies that used different approaches for assessing or
determining dietary patterns, the evidence available to examine the relationship
between dietary patterns and risk of lung cancer is limited.

Evidence summary

Description of the Evidence

This systematic review includes three prospective cohort studies and one nested case-cohort
study that examined the relationship between dietary patterns and risk of lung cancer (Balder,
2005; Gnagnarella, 2013; Key, 2009; Mai, 2005). Studies were conducted in Italy
(Gnagnarella, 2013), the Netherlands (Balder, 2005), the UK (Key, 2009) and the US (Mai,
2005). Risk of bias scores were relatively low ranging from four to nine out of 24 points (NEL
Bias Assessment Tool (BAT)).

All studies excluded patrticipants with previous cancer (other than non-melanoma skin cancer)
and one enrolled only current and former heavy smokers (Gnagnarella, 2013). Samples sizes
ranged from 3,918 to 52,706 with two studies less than 5,000 (Balder, 2005; Gnagnarella,
2013) and two studies more than 35,000 (Key, 2009; Mai, 2005). Three studies included only
participants over 50 years old (Balder, 2005; Gnagnarella, 2013; Mai, 2005), with one
including participants ranging in age from 20 to 89 years (Key, 2009). Race was only reported
in the US study, which enrolled an 87.3% Caucasian sample (Mai, 2005). One study had an
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all-male sample (Balder, 2005), one study had an all-female sample (Mai, 2005), and two
enrolled both males and females (Gnagnarella, 2013; Key, 2009). Information related to
socioeconomic status (SES) was not consistently reported; two studies reported high school
degree equivalent rates of 69.5% and 88.7% (Balder, 2005; Mai, 2005), and two studies
reported college and trade school degree rates of 42.1% and 32.4% (Balder, 2005;
Gnagnarella, 2013).

Dietary Patterns Analysis

The reviewed studies each used data from one baseline food frequency questionnaire

(FFQ) to define dietary patterns by index score (Gnagnarella, 2013; Mai, 2005), principal
components analysis (Balder, 2005), or based on participants reported animal product intake
(Key, 2009).

e Gnagnarella, 2013 used the Alternative Mediterranean Diet Score (aMed) to rate
participants’ diets from zero to nine points. The aMed assigns one point if intake is
above the sample median for fruits, vegetables, nuts, cereals, legumes, fish and one
point if intake is below median for red and processed meat. Also, one point is given if
alcohol intake is between 5g to 15g per day

¢ Mai, 2005 used the Recommended Foods Score (RFS) to rate participants’ diets from
zero to 23 points. The RFS gives one point for a reported intake level of at least once
per week for 23 recommended foods. These foods include various fruits, vegetables
and fruit juices, dry beans, lean poultry, fish, various whole and refined grain foods
and low-fat milk

e Balder, 2005 used principal components analysis with 51 food groups to identify five
dietary patterns:

o Salad vegetables: Raw vegetables, fruit, pasta, rice, poultry, fish, oil

o Cooked vegetables: Cooked leafy vegetables, cabbages, legumes, carrots

o Pork, processed meat, and potatoes: Pork, processed meat, potatoes, coffee,
low-fat margarine

o Sweet foods: Cakes, cookies, sweet sandwich spread, candies, strawberries
and other berries

o Brown and white bread substitution: Whole wheat bread, apples, pears.

o Key, 2009 defined:

o Vegetarians: Reported consumption of eggs and dairy, but no meat or fish

o Vegans: Did not report consuming eggs, dairy, meat or fish

o Meat eaters: Reported meat consumption

o Fish eaters: Reported fish consumption, but not meat

o Participants reported similar intakes of milk, cheese, vegetables and fresh fruit.

Lung Cancer Outcomes

The reviewed studies followed participants for an average of 5.7 years to 9.5 years to assess
incidence of lung cancer. Lung cancer cases were identified via linkage to medical registries
(Balder, 2005; Key, 2009), annual cancer screening with low-dose computed tomography
(Gnagnarella, 2013) and a mixed approach using self-report, death certificates and state
cancer registries (Mai, 2005).

Evidence Synthesis

With only four included studies, there is limited evidence available to examine the relationship
between dietary patterns and risk of lung cancer. In addition, the four studies included in this
review used different approaches for assessing or determining dietary patterns, making it
difficult to compare results (Table 1).
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Table 1. Summary of studies examining the relationship between dietary patterns and
risk of lung cancer.
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Table 1. Summary of studies examining the relationship between dietary patterns and risk of lung cancer

Author, Year

Study Design;
Location (Cohort)

Risk of Bias*

Balder, 2005

Nested Case-
Cohort;
Netherlands
(Netherlands
Cohort)

Risk of Bias: 5/24

Sample Size
(Gender; Age)

Number of lung
cancer cases;
Duration of
Follow-up
N=1,425 cases,
2,190 controls

(100% men;
Age=55-69y)

1,425 cases; 9.3y

Dietary Patterns**

¢ "Salad vegetables"
(raw vegetables, fruit,
pasta, rice, poultry, fish,
oil)

"Cooked vegetables™
(cooked leafy
vegetables, cabbages,
legumes, carrots)
"Pork, processed
meat, and potatoes"
(pork, processed meat,
potatoes, coffee, low-fat
margarine)

"Sweet foods" (cakes,
cookies, sweet
sandwich spread,
candies,
strawberries/other
berries)

"Brown/white bread
substitution" (whole
wheat bread, apples,
pears)

Results

"Salad vegetableso: Inverse
association with total lung cancer
(Q1 vs. 5): RR=0.75 (95%

Cl=0.55-1.01; P for trend=0.008).

"Sweet foodso: Inverse
association with total lung cancer
(Q1 vs. 5): RR=0.62 (95%
CI=0.43-0.89; P for trend=0.002).

"Cooked vegetables," "Pork,
processed meat, and
potatoes," "Brown/white bread
substitution™: NS association
with lung cancer.

Summary of Findings

The "Salad vegetable" and "Sweet
foods" patterns were associated with
reduced male lung cancer risk. The
major contributor to reduced risk in
the "Salad vegetable" group was raw
vegetables. It is likely the high fruit
and low alcohol intake of the "Sweet
foods" pattern contributed to some,
but not all, of its protective effect. The
"Cooked vegetables" and
"Brown/white bread substitution" were
not associated with cancer risk. Total
cooked vegetables consumed was
associated with decreased lung
cancer risk and it is likely other foods
in the pattern counteract their
protective effect. There was a non-
significant trend for increased cancer
risk with the "Pork, processed meat,
and potatoes" dietary pattern, which
was more evident in current smokers.

Gnagnarella, 2013

PCS; Italy
(Continuous
Observation of

N=4,336 current/
former heavy
smokers

(34% women; Age

Alternative Mediterranean
diet (aMED) score

aMed score: Inverse association
with total lung cancer (Score 0-1
vs. 8-9): HR=0.10 (95% CI=0.01-
0.77; P for trend=0.045).

Very high adherence to the
Mediterranean diet was associated
with lower risk of lung cancer among
current and former heavy smokers.
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Table 1. Summary of studies examining the relationship between dietary patterns and risk of lung cancer

Author, Year

Study Design;

Location (Cohort)

Risk of Bias*

(COSMOS))

Risk of Bias: 4/24

Smoking Subjects

Sample Size
(Gender; Age)

Number of lung
cancer cases;
Duration of

Follow-up
=~57y)

178 cases; 5.7y

Dietary Patterns**

Results

Summary of Findings

Key, 2009

PCS; US (EPIC-
Oxford)

Risk of Bias: 9/24

N=52,706

(77% women;
Age=~45y)

117 cases; ~8y

» Vegetarians
(eggs/dairy, no
meat/fish)

o Non-vegetarians (eggs,
dairy, meat, or fish)

o Meat eaters (meat)

e Fish eaters (fish, no
meat)

Vegetarian vs. Non-vegetarian:
NS association with lung cancer.

Fish eaters vs. Meat eaters:
Inverse association with total lung
cancer (IRR=0.23 (95% CI=0.06-
0.95; P for trend=0.028)).

There was a significant inverse
relationship between increased RFS
score and lung cancer incidence.
There was a non-significant trend for
positive relationship between
increased RFS score and increased
breast cancer incidence. There was
no relationship between RFS score

and colorectal O1y0SI lyOIRSy0S

Mai, 2005

PCS; US (Breast
Cancer Detection
Demonstration
Project)

Risk of Bias: 7/24

N=37,135

(100% women;
Age=~61y)

279 cases; 9.5y

Recommended Foods
Score (RFS)

RFS score: Inverse association
with total lung cancer (Q1 vs. 4):
RR=0.62 (95% CI=0.46-0.84; P

for trend=<0.01).

None of the dietary patterns examined
(vegetarian, non-vegetarian, meat
eater, fish eater) were associated with
risk of breast cancer. Risk of
colorectal cancer was higher in
vegetarians compared to non-
vegetarians, and in vegetarians
compared to meat eaters. Risk of lung
cancer was lower in fish eaters
compared to meat eaters, but not in
vegetarians compared to non-
vegetarians. None of the dietary
patterns examined (vegetarian, non-
vegetarian, meat eater, fish eater)
were associated with risk of prostate
cancer.
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*Risk of Bias as determined using the Nutrition Evidence Library Bias Assessment Tool
*Additional details regarding the dietary patterns, as reported by the authors, are found in the fiDescription of Evidencet section of the Evidence Portfolio
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Despite these differences in methodology, all four studies reported modest significant
relationships between dietary patterns and lung cancer. Scoring higher on the aMED
(Gnagnarella, 2013) and the RFS (Mai, 2005), consuming a “salad-vegetables” and “sweet
foods” pattern (Balder, 2005) and being categorized as a “fish eater” (Key, 2009) were all
associated with reduced risk of lung cancer. And, while the methods used to establish these
patterns differed across studies, there were some common food groups associated with a
lower risk of lung cancer. The “salad-vegetables” pattern and a pattern consistent with a high
aMED score both include vegetables, fruit, cereals and fish. The “fish eaters” consumed fish
but no red meat. The “sweet foods” pattern identified by principle component analysis in one
study was high in fruit (strawberries, berries) as well as foods containing simple sugars
(cookies, cakes, candies).

While this systematic review included only four studies, the participants examined in these
studies are fairly generalizable to the US population. Though only one study was conducted in
the US and limited demographic information was provided overall, all studies were conducted
in countries of similar development to the United States. In addition, one study included only
current or former heavy smokers (e.g., population with high lung cancer risk), with the rest
including a generally healthy population at lower risk of lung cancer. More research is needed
to examine interactions between dietary patterns and key effect modifiers (e.g., smoking
status) and lung cancer risk, and how the relationships occur both in high-risk groups, as well
as the general population. Additional research to examine impacts in other population
subgroups, including racial/ethnic groups, is warranted.

The studies included in this review have a number of additional limitations that make
interpretation of the accumulated data challenging. Dietary patterns were derived using
dietary intake measured at baseline only, and therefore may not reflect patterns consumed
throughout the prospective study, or dietary patterns at critical time points such as during past
periods of smoking. In addition, several of the cohorts examined had varying sample sizes
and low numbers of lung cancer cases. Although these studies controlled for a number of
confounders, not all potential confounders were adjusted for, and as with all observational
studies, residual confounding is possible. Finally, histopathologic and molecular subtypes of
lung cancer are likely to exhibit unique etiologic risk profiles and were not considered in these
studies.

Research recommendations

In order to better assess the relationship between dietary patterns and risk of developing lung
cancer, additional research is needed to: